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Welding Information 


In this issue there is published the 
discussion of the Fall Meeting papers 
presented before the Fall Meeting in 
Boston. Perhaps in no single issue 
is there included so much information 
on a variety of subjects. Not only 
have the authors supplemented the 
information contained in their papers 
published in the September and Octo- 
ber issues but members of the Society 
and guests have supplemented this 
information by their own experience 
and research work. 

Practical problems confronting the 
engineer, the designer, superintendent 
and welder are solved. Difficulties 
and how they are overcome in many 
fields are clearly indicated. 

For the research man there is added 
a wealth of information and guidance 
as to details in conducting tests and 
the results obtained in special cases. 

Taken together these discussions 
represent the results of many thou- 
sands of dollars of investigational 
work and practical experience. As an 
example, there is cited one discussion 
alone which is based on the results 
of several thousand specimens. Every 
member of the Society is respectfully 
urged to read and study this discus- 
sion. 


Structural Steel Report 


With this issue there is concluded 
the last instalment of the structural 
steel report. This report has also 
been published in attractive book 
form, 6 in. by 9 in. and includes an 
addition to the material published in 
the October, November and December 
issues, the original data on which the 
charts were based. The book consists 
of more than two hundred pages and 
represents an encyclopedia of test 
data. Members may obtain this at- 
tractive book at $1.00 per copy from 
the Society headquarters. 


Bound Volumes of Journal 


The bound volume for 1931 will be 
shortly available and will include a 
complete Subject and Author’s Index. 
This volume will be bound in at- 
tractive imitation black leather cover 
and will be available to members at 
$6.50 per copy. 

A few copies of the bound volumes 
for the years 1925 to date are still 
available at $5.00 per volume. The 
upply of the back numbers is very 
‘imited and orders should be placed at 
nee. A set of the bound volumes of 
‘he Journal contains the important 
‘echnical information existing in the 
velding industry. 

Single copies of individual issues of 
hack numbers of the Journal when 


available will be supplied to members 
at 50c. per copy. 


To Welders 


Cigarettes or cigars should not be 
lighted from the glowing tip of the 
electrode when it is still in the elec- 
trode handle. While this is a handy 
means, nevertheless, sometime when 
the cigarette is damp or workmen’s 
shoes are damp they will get a shock. 
Such a shock might prove fatal if 
they are working on a scaffold or in a 
tank or some such place where the 
release of the tension would throw 
them off balance. 

C. J. Holslag, 
Electric Arc Cutting & 
Welding Co. 


Bound Volume Journal 


The American Welding Society has 
made arrangements for members who 
wish to have their Journals for 1931 
bound in attractive, imitation black 
leather covers to do so by sending 
copies of the twelve issues to Russell- 
Rutter Company, Thirty-third Street 
and Eighth Avenue, New York, N. Y., 
Att. Mr. Russell Lauben, Jr. A spe- 
cial reduced rate has been arranged 
at $1.75 per volume providing the is- 
sues of the JOURNAL are sent to the 
binder on or before Feb. 1. The bill 
for the binding and return postage 
will be sent direct from the Society’s 
office. 


Annual Meeting 


The Meetings and Papers Commit- 
tee are now preparing the program 
for the Annual Meeting of the Society 
to be held in New York during the 
latter part of April. Members of the 
Society desiring to present papers be- 
fore this Annual Meeting should send 
in their suggestions at once to the 
Society headquarters. All sugges- 
tions so received will be carefully con- 
sidered by the Meetings and Papers 
Committee. 


In Memoriam 


The following resolution was adopted 
by the Executive Committee of the 
American Bureau of Welding in re- 
gard to the recent death of Professor 
W. A. Slater. 


Professor Willis Appleford Slater 
was an engineer with a wide experi- 
ence in numerous fields of scientific en- 
deavor and contributed greatly to the 
improvement of methods of utilizing 
modern means of construction. One 
of these activities was in connection 
with the use of fusion welding in 
building and pressure vessel fabrica- 
tion. Therefore be it 

Resolved that in the death of Pro- 
fessor Slater on Oct. 5, 1931, the 
welding industry generally and the 
American Bureau of Welding has lost 
a valued worker and friend, and be it 
further 

Resolved, the American Bureau of 
Welding extend its sympathy to Pro- 
fessor Slater’s family, and that these 
resolutions be spread on the minutes 
of the Society. 


1932 Prospects 


There is every indication that 1932 
will see business upward bound. The 
welding industry and all those identi- 
fied with it will naturally be bene- 
fitted. 

Through cooperation, the welding 
industry has enjoyed a healthy growth 
that was only slightly retarded in 
comparison with other industries dur- 
ing the past year. There has never 
been a time, however, when coopera- 
tion and faith in every line of en- 
deavor has been needed more than 
now. One of the chief instrumentali- 
ties for cooperation in the welding 
industry is the American Welding So- 
ciety, and in this capacity the Society 
justifies the whole-hearted support of 
everyone interested in the future of 
welding. 

With the cooperation of all of its 
members the Society will go forward, 
but without that cooperation it will 
not properly function. 

With the continued support of its 
loyal members, advertisers and sub- 
scribers to the JOURNAL, coupled with 
rigid economies which have of neces- 
sity been put into force, the Society 
will weather the depression. 

With prompt payment of current 
dues, renewal of advertising con- 
tracts and subscriptions, the Society 
will function without any serious cur- 
tailment of important committee or 
other activities and in this manner 
continue to fully serve industry. 


SECTION ACTIVITIES 


Boston 


On Friday afternoon, Nov. 6, the 
Boston Section made a visit to the 
Charlestown Navy Yard to inspect 
the sixty-five foot tug boat that is 
now under construction there. It be- 
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ing an afternoon meeting, the at- 
tendance, eighteen, was not up to the 
usual number, but those who were 
present found the boat very interest- 
ing, and were able to inspect the tug 
inside and outside. 
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Some of the facts concerning its 
construction may be of interest to the 
readers of the JOURNAL. The tug, 
when completed, will have a length of 
65 feet, a 17-foot beam, and will be 
about 12 feet deep. Its displacement 
will be 65 tons, and a Diesel engine of 
8 cylinders, 300 horse-power approxi- 
mately, will be the power plant. It is 
estimated that there will be 6700 feet 
of welding on the vessel, no rivets or 
bolts being used in its fabrication. 
About 3000 pounds of bare wire will be 
used for electrodes. All seams on the 
bulkheads and hull plates will be lap 
joints with fillet welds. The deck 
plates will have transverse seams 
rather than longitudinal, and they 
will be single V butt welds. 

This interesting trip was made by 
invitation of the Commandant of the 
Navy Yard, and to him the Boston 
Section is indebted for a pleasant and 
instructive meeting. 

Approximately 2500 persons at- 
tended a joint meeting of the Engi- 
neering Societies of Boston on Thurs- 
day evening, Nov. 12, at Tremont 
Temple, Boston. This meeting con- 
sisted of a lecture and interesting 
illustrative demonstrations presented 
by Mr. L. A. Hawkins, Executive En- 
gineer, and Mr. . L. Manning, 
Physicist of the Research Laboratory 
of the General Electric Company, 
Schenectady, N. Y. 

The December meeting of the Sec- 
tion will be held Friday evening, Dec. 
18, in the room of the Engineering 
Societies, Tremont Temple, at seven- 
thirty o’clock. This meeting is to be 
presented by the Linde Air Products 
Company. A paper on Speed 
Oxy Acetylene Welding will be pre- 
sented, and the subject will be ampli- 
fied by motion pictures. The Linde- 
welder Blow Pipe will be on display 
for inspection. 


Cleveland 


The November meeting of the Cleve- 
land Section was held on the 25th. 
This was the first meeting of the 
new season. A very interesting paper 
was presented by Mr. George How- 
ard Burrows, Architect, entitled 
“Welding Steel Frames for Resi- 
dences.” The paper was accompanied 
by a film showing the actual applica- 
tion of welding as applied on steel 
frame residences. 


Detroit 


The first meeting of the new season 
by the Detroit Section will be held 
on Dee. 18, at which will be presented 
an illustrated lecture entitled “Inspec- 
tion of an 18 story welded building” 
by Mr. A. R. Ellis, Vice-President of 
the Pittsburgh Testing Laboratory. 
This will be a joint meeting with the 
Detroit Engineering Society and will 
be held in the Engineering Society 
Building, 478 W. Alexandrine. 

The meeting scheduled for Novem- 
ber was postponed until January. 


Los Angeles 


The regular November meeting of 
the Los Angeles Section was held at 
the Pig ’n Whistle Cafe on Thursday 
the 19th. It was decided to hold the 
December meeting. on the third Thurs- 
day in December, or Dec. 17, in con- 
junction with the A. S, 8. T. The 
A. S. S. T. program committee has 
arranged a trip through the Duglas 


Aircraft Foundry at Santa Monica, 
followed by a dinner and meeting to 
be held in a hotel in Santa Monica. 
Mr. Jeffers and Mr. Kilian offered to 
make the necessary arrangements. It 
was decided to hold the January meet- 
ing the second Thursday in January, 
which is on the 14th. This meeting 
will be held at the Mona Lisa Cafe. 
Mr. Etter will make the arrange- 
ments. 

A paper was read on “Some New 
Developments in the Arc Welding In- 
dustry” by Mr. E. J. Cipperly, fol- 
lowed by a general discussion of the 
points mentioned by the speaker. 

Mr. James Spade of the Ludlum 
Steel Company gave a very interest- 
ing talk on the problem of welding 
stainless steel. He had with him some 
very interesting micrographs of the 
structure of stainless steels. 

Mr. Etter of the Air Reduction 
Company showed one reel of a motion 
picture film which illustrated the man- 
ufacture of common gases. 


Philadelphia 


At the Nov. 16 meeting of the Phil- 
adelphia Section, Mr. T. W. Greene, 
Development Section, Engineering 
Dept., The Linde Air Products Co., 
gave a very interesting talk on “The 
Lindeweld Process as Used for Pipe 
Line Construction,” which was illus- 
trated with a very good motion pic- 
ture. There were about 95 present 
at the meeting. 

The next meeting of this Section 
will be held on Jan. 18. Mr. J. C. 
Hodge, of the Babcock and Wilcox Co., 
pics talk on “Welded Pressure Ves- 
sels.” 

On Feb. 15 Mr. John ©. Cumber- 
land, Ingersoll Rand Company, Cam- 
eron Pump Division, will present a 
paper on “Some Aspects of Welded 
Fabrication from the Viewpoint of 
Both the Designing Engineer and the 
Welding Supervisor.” 


Pittsburgh 


Over 150 advocates of welding at- 
tended the November meeting of the 


Pittsburgh Section of the American 
Welding Society held Wednesday the 
18th at the Fort Pitt Hotel. any 
men from the Pittsburgh Steel Mills 
attended the meeting to hear W. A. 
Moore of the Haynes-Stellite Com- 
pany present a paper on “Hard Facing 
Materials and Their Applications.” 
Mr. Moore described the various hard 
facing materials made by his company 
and also made mention of the pro- 
cedure to employ when applying them 
to various metals. He then pro- 
ceeded to describe a number of appli- 
cations of these materials to steel 
mill and other equipment. Mr. Moore 
had numerous photographs to illus- 
trate these and other applications. 
Numerous questions were asked dur- 
ing the discussion, which developed 
some very instructive information. 

“Shielded Are Welding” was the 
subject of the paper read by J. C. 
Lincoln, of the Lincoln Electric Com- 
pany, Cleveland, Ohio. Mr. Lincoln 
discussed the function of the coating 
on an electrode from the viewpoint of 
chemistry. He mentioned the vari- 
ous gases formed and their function 
in shielding the arc. He then pro- 
ceeded to describe the Electronic Toro- 
nado process; how the equipment is 
designed, how it functions and some 
of its applications. Mr. Lincoln also 
described the application of coated 
electrodes by the hand welding proc- 
ess. Numerous slides were used by 
Mr. Lincoln to illustrate his paper. 
The discussion centered around the- 
ory and practice as well as the rela- 
tive merits of coated and bare elec- 
trodes. 


New York 


A joint meeting of the New York 
Sections of the A.W.S. and A. S. M. E. 
will be held in the Engineering Soci- 
eties Building on Jan. 5 at 8 p. m. 
The meeting will be devoted to pa- 
pers and discussion on the new weld- 
ing rules of the A. S. M. E. Boiler 
Construction Code. 


EMPLOYMENT SERVICE BULLETIN 


Opportunities.—The Society is glad to learn of desirable opportunities from 
responsible sources, announcements of which will be published without charge 


in the BULLETIN. 


Services Available-——Under this heading brief announcements (not more than 
seventy-five words in length) will be published without charge to members. 
Announcements will not be repeated except upon request received after an 
interval of three months; during this period, names and records will remain in 


the office reference files. 


Note.—Copy for publication in the BULLETIN should reach the Society’: 
Office not later than the thirteenth of the month if publication in the following 
issue is desired. ALL REPLIES should be addressed to the number indicated 
in each case and mailed to the Society’s headquarters. 


SERVICES AVAILABLE 
A-149. Welder desires position. Experienced welder on steam fitting and 


plumbing, boiler and tank work. 
A-150. Foreman desires position. 


Age 39. Fifteen years’ experience i” 


laying out steel from blueprints. Three years’ welding experience and tw: 


years as shop foreman. 


A-151. Welding Engineer. Fifteen years on metallurgical and welding engi- 
neering. Specialist on A.S.M.E. Boiler Code and structural work. Design an‘ 
technique on jigs and fixtures for automatic, semi-automatic, atomic hydroge” 
hydrogen shielded arc, bare and flux coated electrodes and resistance welding 
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DISCUSSION 


FALL MEETING PAPERS 


AMERICAN WELDING SOCIETY 


BOSTON, SEPTEMBER 21 TO 25, 1931 
MONDAY AFTERNOON SESSION 


L. S. MOISSEIFF, Chairman, Structural Steel Weld- 
ing Committee, Presiding 


REVIEW of the work of the Structural Steel 
A Welding Committee, the investigation under- 

taken by it and the results of tests of 1395 
specimens made up by 39 fabricating shops and tested 
at 24 laboratories, presented by the Executive Com- 
mittee of the Structural Steel Welding Committee. 


Editor’s Note: All discussions and reports which appear 
elsewhere and that discussion of questions which are 


answered by the structural steel report itself have been 
omitted. 


PRESIDENT E. A. DOYLE (American Welding So- 
ciety): It gives me a great deal of pleasure to open 
this, the first technical session of our fall meeting. I am 
going to immediately turn the proceedings over to Mr. 
L. 8. Moisseiff, chairman of the Structural Steel Weld- 
ing Committee of the American Bureau of Welding. 

MR. L. S. MOISSEIFF. This is the first time in my 
life that I feel like one who has inherited something. 
All the good work done in this committee is really due 
to the late Mr. Edwards, who was the first chairman of 
this committee. The report of the Structural Steel 
Welding Committee is now before you. It is the result 
of the cooperative work of various groups and indi- 
viduals, investigators in the industry and engineers in- 
terested in structural steel and in welding. Such re- 
ports, if well carried out, usually make landmarks in 
our history of engineering. They mark the progress 
and achievement of men in handling the forces of na- 
ture in order to produce means for the comfort of hu- 
manity. The last fifty years contain a number of such 
examples of cooperative engineering in reports that are 
fresh in our minds. By publishing this report you 
gentlemen of the Welding Society and industry are 
pushing forward the material progress of humanity. 
The report was the outgrowth of necessity. It was 
previously necessary to use several volumes in struc- 
tural steel welding. The welding industry was pro- 
ceeding to build steel buildings by means of welding, 
and in fact has not waited for this report to show con- 
siderable progress. The intention of this report and 
its value is in telling the designing engineer that he 
can use a certain set-up—he can rear welded structures 
throughout the country and they will be safe. Such 
work is best done by the cooperation of all people con- 
cerned, industry and engineers, producers and consum- 
ers, so that such a cooperative work will ever command 
the confidence of engineers, of the profession, and of 
public bodies who are competent in influencing legisla- 
tures and others as to codes for buildings. The object, 
as I understand, in this report is not academic re- 
search. It is a survey by classified testing of what is 
available in industry with safety. For this purpose the 


committee spread its survey of testing over the indus- 
trial part of the United States, the northeast of the 
country. It has made about 2,500 specimens, in which 
39 shops, 61 welders, 18 inspectors and 24 testing labo- 
ratories have participated. With this in view also, the 
welds were limited to certain sizes that are in common 
use and the testing was confined to static loading. This 
report carries in front acknowledgments for much of 
the work done by the committee. I wish myself to 
express this to all members of the society. I again pay 
tribute to the late Mr. Edwards. I want to point out 
also the aid and work done by Mr. Llewellyn, whom | 
have found to act as a prime mover in this work. The 
short program of our discussion calls for a report by 
Mr. Spraragen, secretary of the committee. 

MR. SPRARAGEN: I have been asked to come up 
here and say a few words about the organization of 
the committee. This committee was officially organized 
about five years ago. Prof. Adams, director of the 
American Bureau of Welding, and others had realized 
the possibilities of welding in the structural field sev- 
eral years before that time; but we found from experi- 
ence in work that called for specific application such as 
this, that it would be desirable to have as chairman of 
the committee a man that was recognized in that par- 
ticular field of endeavor. In looking over the available 
men at that time we selected Mr. Edwards as the out- 
standing man to head such a committee. The next step 
was to secure the cooperation of the structural steel in- 
terests as represented by the American Institute of 
Steel Construction. It seemed necessary as in all inves- 
tigational work of this sort to raise a considerable sum 
of money as well as to secure cooperation in other ways. 
The committee thought they would need from twenty to 
twenty-five thousand dollars in cash and Mr. Ewertz, 
chairman of the Ways and Means Committee, will tell 
you how that was secured. One of the purposes in 
getting Mr. Edwards as chairman of the committee was 
that we wanted the investigational work carried out in 
such a way that it would be acceptable and usable by 
the structural steel interests. We also had in mind that 
there would be a number of valuable by-products from 
such investigation. We found, if the work was dis- 
tributed over many shops that incidentally as part of 
the regular work some 40 fabricating shops of this 
country would be trained in the use of welding. We 
also wanted these specimens tested by different uni- 
versities, to show their students the welding process 
and give them a chance to become familiar with welding. 
I think we owe a lot to the able guidance of Mr. Ed- 
wards, as Mr. Moissieff said. There is one man, how- 
ever, whose name does not appear in the report, and to 
whom acknowledgment should be made as he was in a 
large measure responsible for one of the somewhat com- 
plicated by-products, and that man’s name has now been 
added to'the committee. I refer to Mr. H. H. Moss. 
One of the by-products of this investigational work was 
a procedure specification that would show how to weld 
these specimens properly; that would in itself be a 
valuable contribution regardless of the test results, be- 
cause it took five years to get the test results, whereas 
the specification was available several years ago. 

CHAIRMAN: Mr. E. H. Ewertz, of the Finance, 
Ways and Means Committee, is slated to make a report 
He cannot be present, and his son, Harold Ewertz, has 
consented to read the report. 

MR. HAROLD EWERTZ: I got a letter from my 
father yesterday asking me if I would read his report, 
also requesting that I express his regret at not being 
able to be here. 
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REPORT TO THE STRUCTURAL STEEL 
WELDING COMMITTEE 


As chairman of the Ways and Means sub-committee 
I will confess our work has been most pleasant due 
to the able assistance of my associates, Messrs. A. M. 
Candy, Edmund A. Doyle, F. Malcolm Farmer and 
also the hearty cooperation of Messrs. Aubrey Wey- 
mouth, Comfort A. Adams, William Sparagen and our 
late beloved friend and co-worker, James H. Edwards. 

The estimated direct expenses to carry on the work 
as called for by the duly adopted program was $22,- 
500.00, and this amount was subscribed to by the fol- 
lowing organizations: the American Institute of Steel 
Construction giving $10,000.00, the membership of the 
National Electric Manufacturing Association $7,500.00 
and the International Acetylene Association $5,000.00. 

However, the above contributions cover only the 
direct expenses and the additional indirect expenses, 
such as furnishing the steel material, preparation of 
the several thousand test units, welding of such units, 
supplying the welding wire, the physical testing and 
recording of results, the inspection of work of pro- 
ducing the units and the very elaborate preliminary 
test program was generously contributed by many 
companies, universities and testing laboratories, as 
detailed in the printed report. 

It is to be regretted that the man who first guided 
the work covered by this printed report, our late asso- 
ciate and chairman, James H. Edwards, can not now 
share in our pleasure of giving to our country one of 
the most useful and comprehensive instruments with 
which to build better and more economical steel struc- 
tures; and that at low cost financially, but vast in the 
time contributed by all concerned. 

May I take this opportunity to thank my associates 
and others who made my work as Chairman of this 
sub-committee very beneficial to me as well as very 
pleasant. 

Eric H. EWERTZ, 
Chairman, Ways and Means Sub-Committee. 


MR. F. T. LLEWELLYN, chairman of Subcommittee 
on Literature of Tests. 

Mr. CHAIRMAN AND GENTLEMEN: It was just about 
a year ago Mr. Edwards was stricken. He was sick 
for four days. The day before he died he mentioned 
particularly his interest in the carrying on of this com- 
mittee work. If one had not been otherwise interested 
in the work, no greater incentive would have been 
needed than the wish to assist in even a small measure 
in helping to bring about a completion of the report that 
was so near to Mr. Edwards’ heart. As chairman of the 
Subcommittee on Literature of Tests, I reported in 
November, 1927, with a rather brief summary of all 
those tests which were then available all over the world 
that bore on this question of the strength of welds. 
Most of the tests which had been made prior to that 
time aimed to make a weld in which the weld would 
outpull the base metal. That did not tell you how strong 
the weld was for there were very few tests that had 
broken the weld. The one aim all through this investi- 
gation has been to break the welds and thereby deter- 
mine how strong they were. A perusal of this report 
will show that we have in a few cases failed. We could 
not devise certain specimens that would break the welds. 
All through the report the identity of the participants 
is purposely withheld. It serves no useful purpose. The 
report is so gotten out that the reader can determine 
what individual welder made what specimens with what 


results. The name of the shop that employed that 
welder is not known and will not be known I hope. 
The aim of the report was not to glorify any fabricating 
shop or commend any process of welding. The aim was 
to determine what degree of uniformity could be ex- 
pected in the industry, and that has been I think fore- 
most in all of our minds from the outset. Included in 
the acknowledgments are those shops whose welders 
failed to qualify. They all participated, and no doubt 
the experience that they secured next time will put them 
in the higher class. The report is complete and yet 
incomplete. It is complete in that all the data are given 
in the last half of the report. Those in charge of the 
preparation of the report have summarized these data, 
drawn their conclusions, and attempted to explain cer- 
tain phenomena without disclosing the names of the 
people who furnished it. You don’t have to accept these 
conclusions. You can refer to the original data in the 
last half of the report. There are many other con- 
clusions which yet remain to be drawn that would fill 
a volume many times the size of this, if they had been 
attempted at this time. I might mention just one. A 
year ago we had a paper on the distribution of stress in 
side welds. We made studies along that line in connec- 
tion with this report, but it was seen immediately that 
to follow it all through would take us too far afield. I 
imagine therefore that a paper will appear in the near 
future by interested members of the society who will 
take the results given in this report and analyze them 
from that special angle. I mention just another one. 
You will note the statement that gas welds tended to 
overrun in size, particularly on the horizontal leg. I 
imagine that statement was not intended to be praise 
or blame, simply a statement of fact. In a recent paper 
by a Russian engineer he develops the theory that a 
fillet weld in end shear to get the maximum strength 
should have angles not at 45 deg., but at 30 deg. A 
number of other points of that kind could be mentioned 
all of which will form a basis for future discussions 
and papers. Speaking of literature, one must mention 
the very able manner in which the editor or editors of 
Engineering News-Record cooperated in presenting the 
essentials of this report. As regards the form of the 
book, the aim was to present everything as clearly as 
possible. In some cases all the matter might have been 
condensed in smaller graphs, but it was thought advis- 
able to put legibility foremost among the aims that the 
editorial committee had in mind in getting out the book. 

CHAIRMAN: Mr. L. H. Miller, chairman of Com- 
mittee on Materials and Tests, not being able to be pres- 
ent, Mr. Llewellyn has consented to represent him. 

MR. LLEWELLYN: I will simply add to my previous 
remarks, Mr. Chairman, that Mr. L. H. Miller drew up 
the first series of diagrams for the proposed forms of 
specimens and those were taken by his Committee and 
were worked up with some changes and additions into 
the forms that were later adopted. As I have already 
stated, the aim primarily was to design specimens that 
would fail in the welding. We were not always suc- 
cessful, as-the report shows. Some of the specimens 
would not fail. 

CHAIRMAN: Mr. F. M. Farmer, chairman of the 
Committee of Welding Procedure, not being able to be 
present, Mr. H. H. Moss, member of the said committee, 
has consented to speak for him. 

The job that was handed the Subcommittee on Pro- 
cedure under the Structural Steel Welding Committee 
was that of providing an operating manual for the pro- 
duction of the program specimens. 

The writing of such a manual required the careful 
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study and reconciliation of the practices of structural 
welding, both by are and gas processes, which had 
earned recognition at that time at the hands of respon- 
sible engineers as adaptable and safe for the welding 
of steel building structures. 

The manual appeared in 1928 in conjunction with 
other matter in the form of separate bulletins which 
the main committee assembled under one cover, entitled 
“Specifications for Test Specimens, Preparation, Weld- 
ing and Testing.” 

Mr. Moss then outlined the work of the Sub-Com- 
mittee on Procedure, its objectives and its specifications 
which were issued in July, 1928, reproduced in the 
November, 1928, issue of the JOURNAL, and digested on 
pages 15 and 16 of the report. 

A study of these bulletins will disclose that the re- 
quirements placed upon the welders and inspectors 
serving the committee were akin to commercial struc- 
ture welding practices as of that time; that is, the 
parts of the procedure leading up to the welding of the 
program specimens were sufficiently restrictive to elimi- 
nate from the program, welders whose workmanship 
would not measure up to the standard developed at that 
time for work on average commercial structures. This 
policy can be properly characterized as an important 
aid in determining what degree of uniformity in com- 
mercial welding might be expected. 

From the Committee’s sub-note on page 1 of Section 
B, is quoted the following: 

“These specifications have been prepared for direct 
current metal arc welding. It is not the intention of 
the Committee to exclude carbon arc or A.C. welding 
and those fabricators who wish to use either of these 
processes may do so providing a procedure specification 
is submitted to the Committee showing exactly how the 
selected process is to be used.” 

As far as the writer knows, the Subcommittee on 
Procedure did not receive for review any welding pro- 
cedures for either carbon or A.C. welding processes. 

The deliberations of the Subcommittee on Procedure 
extended over a period of nearly two years, during which 
its chairman effected a meeting of minds among the 
several schools of thought represented on the Committee 
upon the matters of applied welding involved in the 
work at hand and essential to the purposes laid down 
by the main Committee. For the complete work of the 
Subcommittee on Procedure, the reader is referred to 
Volume 7 of the JOURNAL of the American Welding So- 
ciety dated November, 1928, which publishes the entire 
set of specifications of the Committee. 

MR. H. M. PRIEST (American Bridge Company) : 
Mr. Chairman and others: It is a pleasure this after- 
noon to present this complete report of the Committee 
rather than one of the progress reports which have been 
necessary in the past. As one who had considerable to 
do with the administration of this investigation, I will 
take just a few moments to supplement the remarks of 
the previous speakers as to the carrying out of the pro- 
gram which they laid down. The early part of the work 
of course consisted very largely in correspondence with 
fabricating companies and laboratories to secure their 
cooperation and to find out their facilities for doing the 
work, and then in securing the inspectors who were to 
follow the work in the shops. The shipping of the 
material to these various plants, supplying everyone 
with the necessary forms, arranging for the inspectors, 
and supplying the various data that were necessary in- 
volved problems too numerous to mention. The secur- 
ing of all these participants was a real problem, and 
those who have been familiar with it will readily under- 


stand, | think, why the program has taken five years to 
bring it to completion. The report itself contains a 
concise and complete account of all of the work from 
the rolling mills to the laboratories. At the start of the 
program it was thought desirable to make visits to 
the shops and to the laboratories which first began their 
work, in order to see how the program was working out, 
and this resulted in supplementary instructions which 
did much to bring about uniformity in the final test 
results. Shortly after the work was started it was 
found desirable to organize an executive committee to 
pass on all important questions as they might arise. 
This committee has not been mentioned in the report, 
but you may be interested to know their names. The 
Chairman, Mr. Edwards, and his successor, Mr. Mois- 
seiff, Messrs. Ewertz, Farmer, Llewellyn, Spraragen, 
Weymouth and myself. It was the function of this 
Committee to chart the investigation, and finally to ar- 
range for the preparation and publication of this report. 
As soon as the test information had accumulated in suffi- 
cient volume, the Committee engaged the services of 
Mr. Male, who has carried out his work very ably in 
the preparation and calculation of all the data, and 
preparation of all the charts and graphs and tables 
which accompanied the report. Under the direction of 
the Executive Committee he prepared a preliminary 
draft which was submitted to the Committee for their 
approval. Mr. Llewellyn very generously offered the 
facilities of his office and provided working quarters for 
Mr. Male. This was a very fortunate arrangement for 
the Committee, as it gave us the continuous advice and 
assistance of a member of the Committee who had been 
active in its work from the very beginning. At his 
own request we eliminated any reference to his contri- 
bution of time, thought and study from the report itself, 
but I want here to heartily acknowledge the indebted- 
ness the Committee owes him. A preliminary draft, as 
I said, was submitted to each member of the Committee 
in mimeograph form for their study and critical com- 
ment, and we had a very generous response, some of it 
critical, and these replies were studied carefully by the 
Executive Committee and as far as possible incorporated 
in the final report. When it reached that stage, an 
Editorial Committee was appointed, consisting of Mr. 
Llewellyn, Mr. Male and myself, whose duty it was to 
prepare the report for publication and put it in the 
hands of the printer and finally to proof-read it. That 
embraces very briefly the administration of the report. 
and I will take up briefly some of the essential findings 
of the report. (Applause.) 


Editor’s Note: Mr. Priest then presented a digest of the 
report, illustrating the more important features by lantern 
slides. This digest largely followed the article appearing in 
the September 17, 1931, issue of Engineering News-Record. 


CHAIRMAN: You have heard the full and able 
presentation of the report by Mr. Priest. In conclusion 
I would call for some remarks by Professor Adams, 
who is Director of the Bureau of Welding. 

PROF. C. A. ADAMS: Mr. Chairman and Gentlemen: 
I have had no active part in the conduct of this work, 
and I am not going to take up much of your time with 
comments. I do want to express, however, tremendous 
appreciation to those who have participated in this 
work and a tremendous pleasure which perhaps some of 
you can’t quite appreciate. I just run back in my mind 
to the early days of welding. The Emergency Fleet 
Welding Committee was really my first contact with 
welding in a practical way. The art was in a state 
which few of you who were not concerned with it in 
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those days, can possibly realize. Nobody knew much 
of anything about it. The arguments used by manu- 
facturers of arc welding machines were grossly absurd. 
That really was the reason for the organization of the 
American Bureau of Welding. Something to empha- 
size the importance of carrying out such research work 
as would place the art and the industry on some kind 
of a solid foundation, so that we would know where we 
were at. The work of this Committee has been exactly 
that. There are two or three things in the report which 
are quite noteworthy. One point that I observed in 
listening was that welders in one or two instances with 
high averages had quite wide deviations from those 
averages. Their minimum was quite a long ways below 
the average. The other was that in groups where men 
were working under exactly the same specifications with 
the same electrodes and the same machines, their quali- 
fication ratings are in almost every case proportionate 
to their program rating. In other words, if one man 
was high in his qualification rating, he was high in his 
program rating and vice versa. Those things merely 
indicate that the welders themselves can be taught. It 
is not always a question of just temperament. It is 
often a question of the training of the individual welder, 
and I am thoroughly convinced it will be entirely pos- 
sible to raise the rating of a lot of those welders up to 
a much higher point if some proper method of instruc- 
tion were supplied. I am looking a little bit into the 
future. It was stated that carbon arc welding was not 
employed. Bare electrodes were used wholly as far as 
I know. It is entirely possible that with so little extra 
expense as to be negligible the average strength of these 
welds can be so increased as to raise the allowable work- 
ing stress. It is entirely possible that with moderately 
covered electrodes and possibly alternating current, 
which means simpler apparatus to cart around in the 
building, you may get better results. There are a lot 
of points there that still remain to be investigated and 
I am hoping that the work of the Committee can be 
continued and carried on. I can’t go into these things 
in detail because it is too long a story, but there is lots 
to be learned there, lots of work to be done, and I sin- 
cerély hope it will be done. I am going to say in public 
what I have no right to say. Mr. Priest has indicated 
his desire to resign from the Committee. I am going 
to ask him in public not to resign. (Applause.) Anyone 
who knows the work he has done in guiding this pro- 
gram and preparing the report, and anyone who has 
heard his presentation and summary here I am sure 
will agree with me. 

MR. W. B. MILLER (Union Carbide & Carbon Res. 
Labs.): Mr. Priest brought out that fillet welds placed 
transversely were 35 per cent stronger. Isn’t that 
35 per cent due to friction? It is noted that 35 per 
cent is exactly the same as the ratio they found with 
tension and compression results on the same type of 
welds. That was due usually to friction. 

A MEMBER: Some of it is due to uneven distribu- 
tion of stress. 

MR. PRIEST: I should be inclined to think that the 


stress at the ends of the longitudinal welds would be 
some explanation of the difference between those two 
types of welds. We know from investigation that the 
longitudinal welds are subjected to the highest stress 
at their ends. Failure occurs earlier if the strain is 
across the welds than it does at the ends of the speci- 
mens. It would be hard to give you a categorical answer, 
but it would be my impression offhand. I presume there 
is some friction because those two plates were undoubt- 
edly drawn together. 

MR. LLEWELLYN: That consideration alone is not 
enough to account for the 35 per cent, which is an aver- 
age of ‘all of the many hundreds of specimens. To my 
mind the answer is very much simpler. I would point 
out that the side weld is all in shear. The end weld is 
partly in tension and partly in shear. Weld metal is 
stronger in tension than it is in shear. Therefore your 
end weld is stronger than your side weld. I would fur- 
ther point out that while the average differs by 35 per 
cent, the side weld showed much greater uniformity, so 
that the minimum specimens as between end welds and 
side welds differ by only 8 per cent. This is mentioned 
in the report. 

MR. G. M. BUCHANAN (Mavor & Caulson, Ltd., 
Glasgow, Scotland): I haven’t very much to say. The 
American people have gone very much farther than we 
have. We have been doing welding in a small way for 
several years, but, as you are generally aware, our 
building regulations don’t allow any welding whatso- 
ever. The British Engine & Boiler Insurance Co., I 
think, two years ago went very carefully into arc welded 
pressure vessels and presented a very favorable report. 
I have been very much impressed with the speakers 
here today, especially in the way in which everyone 
spoke without notes. We don’t generally have that over- 
seas. That, I think, shows thorough knowledge of the 
subject. I am very pleased at the welcome I have had 
here, and might just extend that welcome if anybody 
here cares to come across. We have a small welding 
society in the Institute of Welding, membership some- 
thing like 400, and they have asked me to convey to 
the American Welding Society their warmest greetings. 
( Applause.) 

A MEMBER: Mr. Chairman, I think everybody is 
getting a great deal of benefit out of this meeting. I 
think they would feel pretty good if you would tell them 
a little about the plans at our luncheon meeting, indi- 
cating that this work is going to be carried on. 

CHAIRMAN: The Executive Committee met today 
at luncheon and discussed the question of further work 
First, there is a cash balance of about $8,000 that could 
be expended in furthering this work and taking up 
the more pressing points. The report contains a list 
of suggestions for further research. After discussing 
all of them a part was picked for more immediate at- 
tention, and it has been decided to appoint a committee 
to work out a program for these further tests. It is 
hoped that with the means available the most essential 
lines will be covered. 

(Adjourned, 5:10 p. m.) 


TUESDAY MORNING SESSION 
September 22 
President E. A. Doyle, Presiding 


MR. GILBERT D. FISH reads prepared paper on 
“The Yale University Group of Welded Buildings.’’* 


~*Paper published in October, 1931, issue Journal A. W. S. 
+Paper published in September, 1931, issue Journal A. W. S. 


He is followed by Prof. Frank P. McKibben, who 
reads paper on “Welding Solves Another Problem.’ 

CHAIRMAN E. A. DOYLE: Gentlemen, after that 
highly instructive and interesting paper of Professor 
McKibben, I feel that we are now open and ready for 
discussion, but first I want to take issue with regard to 
Professor McKibben’s reference “to our simple arith- 
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metic,” and I feel sure that the major portion of us 
do not agree with him on that particular point. 

MR. F. T. LLEWELLYN (U. S. Steel Corporation) : 
I think it is indeed fortunate that the proper application 
of welding principles is in the hands of such men as 
those from whom we have heard this morning. This is 
a practical application of the report that was presented 
yesterday. It was further interesting to note that in 
one of the papers particularly two features were empha- 
sized. One of them I am sure also appeared in the 
other paper, but he did not make it quite as strong. 
That is the elimination of noise by means of welding. 
I imagine that that was a very great factor in the Yale 
buildings. Classes of course can function in the vicinity 
of welding work without interruption. There is noth- 
ing new about quiet building. It is thousands of years 
old. Solomon found it out. Last night, after I went 
to bed, I saw that the Gideons had provided a copy of 
the Bible in all of the rooms of the hotel, and in order 
to offset some of the stories I had heard during the 
course of the day, I opened the book, and there, in the 
first book of Kings, sixth chapter and seventh verse, I 
found a description of Solomon’s Temple, and you will 
find this verse. I may not quote it word for word: “No 
sound of hammer was heard in the building of the 
house.” 

The second feature was that in the work at Wilming- 
ton welding was not used exclusively. Riveting was 
also used. I quite like the judgment that gives us weld- 
ing to be used in conjunction with, rather than to the 
exclusion of other methods, when such combination 
seems to be desirable. We saw some most interesting, 
novel methods of the practical execution of engineering 
work in both papers this morning, and I think that the 
welding industry is to be congratulated that the carry- 
ing out is entrusted to such able exponents who execute 
the work in a practical manner. We don’t know every- 
thing about welding and I think perhaps the motto 
which appears on the flyleaf of the report that was 
referred to by Professor McKibben may not be out of 
place right here. “If a man will begin with certainties 
he shall end in doubts, but if he will be content to begin 
with doubts, he may end in certainties.” 

MR. A. M. CANDY (Westinghouse Electric Manufac- 
turing Co.): Mr. Chairman and Gentlemen: I don’t 
know as I was necessarily ready to ask many questions, 
but there are a few principles I would like to bring out 
in connection with the job at Yale which Mr. Fish dis- 
cussed so ably. That is, the point that in preparing 
for that work nothing was spared in the way of prepa- 
ration to see that the operations would all go through 
smoothly and in line with the design as made up by 
Mr. Fish. In the first place the City Building Depart- 
ment in New Haven was consulted and one of their in- 
spectors was assigned to the job to learn how to inspect 
welding work. This particular gentleman is with us 
today and I am sure Mr. Doyle would like to call on 
him for his opinions on such operations, particularly 
his view from the standpoint of a representative of the 
City Building Department. The gentleman to whom 
I refer is Mr. Smith. He made a very thorough study 
of welding and in fact he did enough work, actually 
handling the welding wire himself, to become a welder, 
although he does not class himself as an expert welder. 
In addition to the inspection given by Mr. Smith, Mr. 
Fish also arranged for one of the best welding inspectors 

ve know of in the country (Mr. R. Kraus) to inspect 
‘he early shop fabrication work and field direction work. 
This man has since been spoken of in highest terms in 
connection with his critical welding inspection in the 


shop fabrication and the field erection work which has 
been completed. He has been stressing daily many) 
points to a greater extent than some persons may think 
necessary. However, I wish to bring home to each o! 
you, who may be contemplating going into this class o! 
work, the importance we attach to thorough inspection 
procedure, especially now in the early stages of the ap- 
plication of welding to building construction. If we 
have carefully trained and experienced welding operators 
and a conscientious, well-trained inspector we can with- 
out doubt depend upon the integrity of our welded build- 
ings to exactly the same extent that we can depend 
upon riveted construction. 

There is just one question which came to mind rela- 
tive to Professor McKibben’s very interesting paper on 
preloading girders. I would like to know whether or 
not any observations by means of strain gages or other 
instruments were made of the actual deflections of these 
girders and if so how close did such observed deflections 
check with the calculated deflections? 

In closing I certainly wish to ask President Doyle to 
call on Mr. L. C. Smith of the City Building Depart- 
ment of New Haven, Conn. 

CHAIRMAN: I will be very glad to call on Mr. 
Smith, but I believe before doing so, Professor Mc 
Kibben would like to answer Mr. Candy’s question. 

PROF. F. P. McKIBBEN (Consulting Engineer) : 
On one of the welding projects at the DuPont Company's 
office building the average of all butt welded tension 
tests for qualifying welders was 57,621 lb. per sq. in. 
and the minimum was 53,420 lb. per sq. in.; maximum 
63,100 lb. per sq. in. 

Answering Mr. Candy’s question: The calculated and 
observed deflection for a load of 400,000 lb. agreed al 
most exactly 

MR. L. C. SMITH (City Building Dept., New Haven) : 
I don’t know as I can say much about the situation 
down at Yale. It is quite unusual. Under the terms 
of the City Building Code welding could not be allowed. 
That is flat, because we happen to be old conservatives 
and when people apply to do things not in accordance 
with the Code, we tell them “No.” However, having a 
Board of Appeals, we put the application for welding up 
to them and they saw fit to allow it under certain well- 
defined regulations. By this method the projects were 
started. 

I am not going to tell you about my own troubles 
learning to weld, the intense heat and other things |! 
suffered from. 

During the course of the construction we had a won- 
derful opportunity to test field welds, due to erection 
errors in the placing of the spandre] beams. We have 
a peculiar condition of the spandrel beams being offset 
4 in. from the column at one end and 8 in. at the other. 
For some unknown reason the erectors reversed ends 
and this gave us quite a few welds to break. After 
breaking, all welds were examined with a high-power 
glass for structure of the weld and no slag or other 
foreign matter was found. All the welds broken were 
good. No attempt was made to test for strength. 

The condition under which welds are made in the field 
was not shown by the paper to which you have just 
listened. All welds are tested for size with a gage 
before being accepted and the “K” you notice on some 
of the pictures was the mark of the inspector’s final 
approval. We watch the welders very carefully, not 
allowing the men to know when that is being done: 
also, we carefully check the machine for volts and 
amperes giving due consideration to the distance of 
the welder from machine to allow for voltage drop. 
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There is also one other point which Mr. Fish did not 
bring out and which is interesting. Those cranes you 
saw in the pictures weighed idle 30 tons each. We had 
them on the first floor steel and did not hesitate to move 
them anywhere we wanted, simply straddling the middle 
supporting column, there being three columns across 
the building. They picked up the heaviest girder, 
which weighed approximately 12 tons, and hoisted it 
up into its position. 

I will be glad to answer any questions as far as I 
am able. 

MR. BUCHANAN: I am very glad to know that 
welding has gone so far as it has in this country. Our 
building authorities are pleased to hear about the suc- 
cess of welding. As an engineer it occurs to me in 
this stage of application of electric welding of struc- 
tural work, some parts should be left open in buildings 
so that it will be available for inspection from time 
to time in case of necessity. I would like to know if 
that would be feasible. 

MR. G. D. FISH (Consulting Engineer): In regard 
to the X-ray, we have not seen it applied to any build- 
ing work, but are not prepared to say it has not been 
applied. Our impression of it in its present state is 
that it would not throw much light on what we think 
is the chief point, namely the fusion; it would probably 
reveal foreign bodies and cavities. 

Inspection, as we have practiced it lately, is personal 
inspection by very experienced men, starting with ex- 
amination of the welding operators before work com- 
mences on the construction itself. The inspectors break 
samples and examine the fractures, not only when quali- 
fying operators, but also at short intervals during 
progress of the work. They systematically make sur- 
face examinations of all welds for evidences of lack of 
fusion, porosity, burned meta! and irregularities. Some- 
times we provide for laboratory tests of butt weld or 
fillet weld specimens, but the chief reliance is placed 
on day-by-day watchfulness. We would welcome a 
reliable automatic testing method, but have not seen 
any system which can be applied to the joints of varied 
sizes and forms used in building construction. 

Regarding building departments, there are about 
100 cities and towns in this country which recognize 
welding in their codes. A number of interesting struc- 
tural welding operations have been carried out in cities 
where the building codes did not allow welding except 
by appeal; the work in New Haven falls in this class. 
Those cities, which do not recognize welding in their 
codes but permit it in special cases on appeal, take the 
stand that the method can for the present be controlled 
better under the appeal system than it can be when 
expressly permitted by law. 

JAMES W. OWENS (Welding Engineering and Re- 
search Corporation): I think the most important fact 
developed by the Structural Steel Welding Committee’s 
investigation and recorded in its report presented yester- 
day, is that the test results of the program specimens 
were directly comparable with the tests of the welders 
making the respective program specimens. This is very 
important to the industry as it should forever silence 
those critics of the welding process who are forever 
harping on the “human element.” It also clearly shows 
not only the fundamental necessity of qualifying the 
welder, but that qualified welders will very largely elimi- 
nate the need of testing the finished product. This 
fact was observed a number of years ago by me and 
was the reason why a considerable proportion of my 
efforts have been devoted to the training and testing 
of welders. If the welder consistently obtains a minimum 


value of say 50,000 lb. per square inch for his test 
specimens, and 40,000 Ib. and 10,000 lb. per square inch 
be respectively used as the ultimate tensile strength 
and the design value of the weld metal, it is further 
obvious that the danger of weld failure from the human 
element is negligible. 

A point that was not mentioned in connection with 
the inspection of welds and which is also very important 
is the requirement that the weld size specified on the 
drawing be checked by a gage after the weld is made. 

The report presented yesterday might be regarded 
as a-milestone in building construction. Mr. Fish sug- 
gested the possibility of a further improvement of the 
physical properties of structural welds by increased 
ductility. The desirability of increased ductility was 
mentioned in both of the papers presented today. In 
this connection I might state that the Structural Steel 
Committee’s investigation provided for the use of filler 
metal which would produce welds having a very satis- 
factory tensile strength but there were no requirements 
for ductility of a high order as can be obtained by sev- 
eral electrodes and welding rods now procurable. As 
the ultimate strength of the weld metal obtainable with 
this latter class of filler metal is also higher than that 
used in the Structural Steel Committee’s investigation, 
I feel that the Committee’s report should be followed 
up by an additional series of tests to determine the 
relative value of this class of filler metal in structural 
work with that which was used. It is probable that 
such a series of tests would not only indicate that we 
could increase our design values, thereby reducing the 
size of the weld with a corresponding reduction in cost, 
but that increased ductility of the weld would permit 
the use of joint designs not now considered safe. 

I know it has always been quite a problem for the 
user to select filler metal offered by a large number of 
competing manufacturers and processes. However, this 
has been recently solved in a practical manner by the 
A.S.M.E. Boiler Code Committee requiring that selec- 
tion be based on tests of the weld and the welded joint. 
The same method of approach is now being embodied 
in the new welding wire (Filler Metal) Specifications 
of the American Welding Society under the chairman- 
ship of Mr. McCune. These specifications will be closely 
coordinated with the various grades of filler metal 
specified in the Boiler Code for its various classes of 
pressure vessels. When these specifications are com- 
pleted they will be available to the structural steel in- 
dustry, and should the suggested tests be made, I feel 
confident that we will attain the next milestone in our 
progress. 

MR. LLEWELLYN: I would like to ask Professor 
McKibben whether a bare or covered welding rod is 
used in obtaining these figures of 57,000? 

PROFESSOR McKIBBEN: A mild steel bare elec- 
trode was used. 

MR. J. T. WHITNEY (The Whitney Engng. Co.): ! 
have no questions, but this subject of new use for weld- 
ing brought to my mind a few things which I thought 
might be of interest to the meeting. I am most happy 
to be able to be here today and listen to two such ex- 
cellent papers as were presented by Messrs. Fish an 
McKibben of the A.W.S. I have had more or less dea!- 
ings with the Professor, being engineer in the Ediso 
Building. McKibben was consultant on the welding 
The new building for the Boston City Hospital is t 
be welded, 150 ft. high. We feel an advance has been 
made by having a city building welded. We expec: 
welding in private buildings in advance of city wor! 
In connection with the new uses of welding, I recent! 
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designed the Boston Edison Electric Illuminating 
Co.’s large steam plant on Kneeland Street where 
the basement floor is about 10 ft. below the ground 
water level. Part of the structure had to be anchored; 
as part of the basement and first floor only are built 
of a building to be about 140 ft. high in the future. Of 
course the bulk of the weight is in the upper portion. 
The question came, on how to hold down a building 
for a period of several years. We solved that by the 
use of welding. It is a pile job, reinforced concrete 
piles, 65 ft. long. We hooked the pile reinforcement 
into the capping. The capping reinforcement hooked into 
piers 7 ft. in diameter, octagon in shape, and in the 
tops of those piers we put about 3 x %-in. straps 6 
or 7 ft. long, hooked at the bottom, projecting out at 
the tops and welded them to heavy filler plate, which 
were in turn welded onto heavy bases, about 44 x 48-in. 
and 5 or 6 in. thick. The pressure, of course, comes 
on the basement floor and is transmitted to the columns, 
and the columns were welded to the billet. That ar- 
rangement has attracted considerable attention. It was 
the way to get out of the problem by using welding; 
130,000 lb. uplift on every column. 

Incidentally I used another scheme using welding, 
and that is, on bases of about 2 ft. square or less I had 
welded nuts of 1l-in. bolts in three places on the sides, 
then the bolts are inserted in the nut, head down, and 
by turning the bolts the base can be leveled similarly 
to a surveyor’s instrument. 

1 also have another problem. I am designing a new 
hangar and administration building at the East Boston 
Airport. I have a problem over there which I think 
I have solved. They have a pistol range on the second 
floor where they have to test out their airplane machine 
guns and qualify with a 45 cal. automatic. These ma- 
chine guns are fired at 1000-in. range. The bullets 
must be stopped inside as the range there is a corridor 
beyond. I am using heavy plate, 60-deg. slope, but I 
think that is too much to ask for a plate 10 x 10 ft. 
at least *, in. thick to be made in one piece, but I am 
making it in three parts, and asking that the pieces fit 
absolutely tight to each other, and if that is not a 
feasible thing to do, I am going to ask that the joints 
be welded. I think that is going to offer a very inter- 
esting experiment in connection with welding. 

In connection with Mr. Fish’s job, I will say I have 
had a little contact with that job inasmuch as my work, 
the Boston City Hospital building, is being fabricated 
in the same shop as one of his buildings. During my 
inspection I have had a chance to see his work, and I 
have followed, in general, the outline as given by both 
Mr. Fish and Mr. McKibben, for our details, and on 
our inspection, both in shop and field. I do believe that 
the inspection cannot be adequately performed by the 
inspector unless he has, at some time or other, held an 
electrode himself. I came to that conviction after going 
to the General Electric Welding School myself and learn- 
ing about welding myself, from first-hand knowledge. I 
did not go out to qualify as a welder, but I felt that 
first-hand knowledge was needed so that I could inspect 
properly. I am convinced now if a man does not hold 
the torch in his hand, that all the theory he may have 
is not as good as in the case of the man who has held 
that tool. 

In regard to the building law, Boston’s building law 
‘f course is elastic to the extent that the Commissioner 
may decide on methods and materials to be used, and 
that is how we got the Boston Edison building, and 


*Paper published in the September, 1931, issue Journal of the 


that is how we were able to weld other buildings. I want 
to give full credit and commendation to the authorities 
of the hospital, who were willing to take this forward 
step. Incidentally the saving of materials due to weld- 
ing was 500 tons, about $1,250. 

CHAIRMAN E. A. DOYLE: It seems fitting, after 
having heard these two fine papers on welding and the 
discussion, that they should be followed by a paper on 
cutting. We have with us a man who is going to give 
us a story on automatic cutting. He has had a great 
deal of experience and has been in the business since 
1916. He has been foreman of several large establish- 
ments and has spent a great deal of time in studying 
these operations. I take pleasure in introducing Mr. 
Helmkamp of The Air Reduction Sales Company. 


MR. R. F. HELMKAMP reads prepared paper on 
Automatic Gas Cutting.* 


CHAIRMAN DOYLE: You have heard Mr. Helm- 
kamp’s paper on mechanical cutting and I feel sure he 
would be glad to answer any questions that might pre- 
sent themselves to you as to the operation of various 
mechanical cutting devices and other operations. 

MR. LLEWELLYN: I think the author made the 
statement that tolerances in cutting were predicated on 
subsequent use, meaning two subsequent uses, further 
machining and welding. Is it not a fact that for many 
purposes the finish that is given by the automatic gas 
cutter eliminates machining? I visited one of the rail- 
road shops, at Elizabethport, where I saw some gas-cut 
locomotive parts. They told me they did not otherwise 
finish the edge produced by the gas cutting. 

MR. HELMKAMP: Oftentimes we use the cut sur- 
face as finished by the torch. However, some allowance 
for machine finish is generally desirable when cutting 
thick sections. I have in mind very heavy cutting, say 
10 in. or more, which of course requires certain allow- 
ance for finishing as you are using an expensive piece 
of steel. You want to come up with the job, and do not 
want to take a chance of ruining it. 

CHAIRMAN E. A. DOYLE: Mr. Helmkamp made 
certain statements with regard to heavy cutting. I 
think we should state right here that the term “Heavy 
Cutting” is really relative, and that unless you actually 
state the thickness of the material to be cut, that you 
may be misled a little by the term. I have in mind 
the fact that about a month ago I had occasion to visit 
the plant of a very large company, several of the per- 
sonnel of which had developed a new cutting blowpipe 
of which they were justly proud, and after discussing 
it with me one of them made the statement that the 
blowpipe was being used for some very heavy cutting, 
and informed me that he would like to demonstrate it, 
whereupon he produced a piece of *%-in. thick steel and 
made very creditable cuts. 

Now what I am trying to bring out is that in the 
minds of those men %-in. was very heavy material 
from the standpoint of cutting, while in reality we 
know of cases where ferrous material has been cut up 
to and including a thickness of 36 in., and I am of the 
opinion that the cutting that the speaker actually re- 
ferred to is in the neighborhood of approximately 8 in. 
or 10 in. in thickness. 

MR. J. L. ANDERSON (Air Reduction Sales Com- 
pany): There is very little that can be added to what 
has already been said. I think Professor McKibben’s 
problem is interesting, one that might be worked out 
under certain conditions. It might be a very satisfac- 
tory way to cut steel, although as a rule very little diffi- 
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culty is encountered in cutting through superimposed 
plates. The principal requirement, however, is clean 
close surface contact. The cut goes through the entire 
mass without difficulty. Mechanical cutting has un- 
questionably been one of the greatest boons to the steel 
industry that has ever been invented. I doubt if a steel 
company could operate today without the gas-cutting 
torch and compete with other industries, but the ad- 
vancement and progress of mechanical cutting is not, 
as a rule, recognized in the way that it should be rec- 
ognized. There is so much that can be accomplished 
by a more intimate knowledge of the process and its 
application than appears at first sight. It is a very 
interesting and intricate process if used scientifically. 
A considerable amount of study can be put upon the 
process and its application. Mr. Helmkamp brought out 
several points in his paper: Control of the parts be- 
ing cut, the movement of the parts during the operation 
due to expansion and contraction, and the ability to 
produce cuts within definite tolerances. The cutting of 
intricate shapes and forms is entirely feasible by a 


study of the movement of the part, and particularly 
with reference to where cuts, if there are more than 
one, or even one long cut, is started and finished; in 
many cases the tolerances required for such cutting 
can quite readily be computed. Another thing that is 
clearly emphasized with mechanical cutting is the abil- 
ity to cut duplicate parts, parts that will measure with- 
in very close tolerances the same as other parts cut at 
other times and oftentimes cut simultaneously. I know 
of one instance where mechanical cutting was em- 
ployed in connection with manufacturing operations, 
where the cutting time and cutting cost, or, in other 
words, the cost of producing the parts had been cut in 
half simply by refinement in the procedure under which 
the cutting had been done. That is only the result of 
study and a thorough knowledge of what can be accom- 
plished, and it behooves everyone in the steel industry 
and fabricating industry to study mechanical cutting 
as it should be studied, for there is an opportunity to 
very greatly reduce cutting costs and eliminate fabri- 
cation losses by reason of such a study. (Applause.) 


DISCUSSION WEDNESDAY MORNING SESSION 


H. P. PEABODY, Chairman, Boston Section, Ameri- 
can Welding Society, presiding. 


MR. J. KJEKSTAD reads prepared paper on “The 
Future of Welded Ship. Construction.”’* 


MR. E. R. TORGLER (S. R. Dresser Mfg Co.): What 
method did you use to insure against corrosion? 

MR. J. KJEKSTAD (United Dry Docks, Inc.): None. 
We have found that the welding metal is no more sub- 
ject to corrosion than the plate itself. That is except 
from extremely poor workmanship and material, of 
course. You might find welds on ships which appar- 
ently have corroded much faster than the plate, but 
this is primarily where rivets have been welded with- 
out being properly cleaned before welding. Often you 
will find rivets are being welded on the bottom against 
water leaking out, which is only a temporary job at 
best and not really a welding job. If welding is poor- 
ly performed, which in some cases it must necessarily 
be, as just pointed out, and only stands up for a com- 
paratively short time, welding should not be blamed. 
On the outside of ships, both over and below the water 
line, I have seen welding that has been standing for 
over 20 years without any apparent increase in cor- 
rosion. 

MR. TORGLER: What is the method of inspection 
and testing finished job? 

MR. KJEKSTAD: We have not adopted any method 
for testing as yet, except to observe the quality of the 
weld. In welding operations, of course, you have to 
use good men, because of the economic factor. It does 
not pay to use poor welders any more than it does to 
use poor boiler makers for the boiler shop. The most 
economical way is to use experienced welders. Welding 
machines are all efficient today. Anybody familiar with 
welding will, in my opinion, be able to determine if 
a weld is properly performed. In cases when we build 
oil barges with a lot of bulkheads, we usually fill every 
tank compartment with water. Most of our craft we 
launch without any test at all, which may or may not 
be correct. In other words, we feel thoroughly satis- 


*Paper published in the September, 1931, issue Journal of the 
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fied that when a craft is completely welded the way it 
should be, it is tight. Spending weeks in caulking up 
pin holes and leaks, as frequently occurs in riveted 
construction, cannot occur in welded construction. 

MR. W. A. HOWE (Dunklie Machine Shop): I would 
like to ask the speaker what method he uses to pre- 
vent distortion in welding longitudinal seams either in 
oil bulkheads or shell plating. 

MR. KJEKSTAD: We use in our shell seams a lap 
joint, welded inside and out, which does not give much 
distortion. Of course in all all-welded structures you 
have distortion on account of the contraction of the 
weld. In a butt-weld the lines of contraction run paral- 
lel with the axis of the plate and the contraction can- 
not relieve itself; whereas, in a lap-welded construction, 
the contraction of the welds runs approximately 45 
deg. to the axis of the plate. We have also another 
element there. In a butt-welded seam the weld cross- 
section is greater than the weld cross-section in a lap 
seam, which results in greater heat and naturally 
higher contraction. In a butt-weld you have only two 
directions of radiation, whereas in a lap seam you have 
three directions for radiation. These factors account 
for absence or presence of “locked-in stresses” in a 
welded seam. 

MR. H. M. HOBART (General Electric Co.) : Weld- 
ing of steel buildings and pipe lines and tanks and 
other construction welding is going on quite rapidly. 
How does the speaker account for the slowness with 
which welding is being applied to the fabrication of 
plates of ships on a large scale? Why is it there is 
not more of it. 

MR. KJEKSTAD: I suppose the individual whose 
approval is necessary and whose judgment is at stake 
accounts for that. We will take, for instance, an oil 
company with a considerable amount of capital invested 
in each of their floating equipments. In advocating 
a welded ship I suppose they feel that the risk of criti- 
cism in case of failure is comparatively high compared 
to the possible credit due them if a welded structure 
proves to be superior to riveted construction. I don’t 
think they are actually afraid of the efficiency of 4 
welded ship. Welded seams are far superior to riveted 
seams, and ship owners frequently have to re-drive 
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rivets at considerable cost. There are many cases where 
from 50,000 to over 100,000 rivets have been re-driven, 
at probably a dollar and more per rivet. I think the 
gentleman from Bethlehem can bear me out on that. 
The fact that so few operators have gone into welded 
crafts, I think, is primarily lack of nerve. I believe 
that engineers in charge of construction are timid 
because they feel that if a comparatively new method 
of construction in their particular case should not be 
100 per cent successful, they have to take the personal 
responsibility for it. We have found that private op- 
erators take different stands. If they can save con- 
siderable money on the welded type of construction 
both in initial and operating cost they simply go ahead 
and have it built, whereas some of our largest concerns 
are afraid of so-called experiments and want to see 
others try it first. They are ultra-conservative, and, 
whereas conservatism is a very good thing in engi- 
neering and necessary, I think in many cases it is lack 
of initiative. In Europe they are far ahead of us in 
welded ship construction. We are far ahead of Europe 
here in many other ways, but welding in marine con- 
struction seems to be held back. Considerable confi- 
dence has been created, however, by the excellent per- 
formance and unquestionable results of the all-welded 
crafts of various types and designs now in use. 

MR. 8S. 8S. SCOTT (N. Y. Navy Yard): Mr. J. Kjek- 
stad’s paper gives very well the difficulties arising in 
ship construction from welding and there are a few 
points which I would like to bring out and they are 
upon (1) need of purchasing level plates. .(2) factors 
depending upon shrinkages and stresses. (3) method 
to minimize these stresses. (4) checking of the welders 
during the process of welding. 

(1) Upon the first issue of need for purchasing level 
plates for ship construction, we know that the majority 
of the ship plates received from the various mills are 
wavy along their edges and through the center. This 
condition of the plates will cause the shipfitter to have 
a great deal of trouble to properly keep to the design 
dimension. When the welders start to weld on them 
the waves in the plates will increase in size if they are 
still in the plates and consequently a poor erection job 
of shipfitting occurs. For these reasons all plates for 
ship construction should be as flat as possible before 
they reach the hands of the layer-outs in the shops. A 
great deal of handling must necessarily be made on a 
warped plate, therefore the cost of the ship is increased. 

(2) It might be well to bring out here just how the 
factors which depend upon shrinkages and stresses in 
welded ship plate occur in welding. Shrinkage is a 
motion of the particles of metal that takes place when 
such is subjected alternately to heating and cooling and 
consequently the shrinkage takes place within the metal 
itself. Various alternatives of the contour of the steel 
plate are referred to as upsets of warping. These two 
phenomena occur simultaneously. These are two causes 
that are responsible for shrinkage, first, the localized 
cooling of the plate surrounding the welded zone; and, 
second, the contraction of the weld itself. The piece 
is trying to expand in all directions in the surrounding 
neighborhood of the spot heated by the are. The cooler 
metal that surrounds this heated zone prevents expan- 
sion of the metal and permits free motion of the sur- 
‘ace particles only. For this reason, the plate thickens 
vithin the area surrounding the heated zone or if it is 
of light gage, it may bulge. Upon cooling, the thick- 
‘ned material is subjected to contraction, which will 
result in a local stress. This lineal contraction takes 


place in all directions so that its volumetric value is 
3.4 per cent. 

From the past statements it might be said that the 
value of the shrinkage and its corresponding stresses 
depends upon the following factors: 


(a) The mass of the deposited metal, also the width of the 
scarf, as well as the thickness of the throat. 

(b) The length of the individual deposited bead, also the 
cross section of the individual bead. 

(c) Direction of the weld. 

(d) The heat developed, current density, type, size and 
coating of the electrode. 


(3) Upon the methods to use to minimize warping 
and shrinkage stresses the following precautions should 
be taken: 


(I) Use the step-back method whenever possible. 
(II) Weld in sequence; that is, start from the center 
of the plate seam and work toward the ends. 

(III) Upon completion of all butt seams, of the plates 
should then be welded starting from midship and 
working forward and aft. 

(IV) Only sufficient current should be used for the 
proper fusion of the base and deposited metal. 

(V) Limit the throat of the fillets and root spacing to 
the minimum reliable value. 

(VI) Keep fillets and butt joints parallel with one an- 
other whenever possible. 

(VII) Do not cross an existing joint, but stop the one 
crossing it on the existing weld. 

(VIII) Prefer intermittent fillets to continuous ones. Sin- 
gle fillet welds tend to throw out any alignment. 
Use double fillets whenever possible. 

(IX) In butt welding a thick plate to a lighter one, 
chamfer the heavy plate to the thickness of the 
light plate, otherwise the light plate will have all 
the warping in it. 

(X) Do not keep the welder occupied all day long with 
welding pieces that are of a rigid construction. 

(XI) When welding a butt joint, use the smallest pos- 
sible angle for the scarf, space them close together 
as permissible. Lay narrow beads and, if the scarf 
is wide, do not try to fill it in with one layer. 
Build up the sides first. 

(XII) Plan to work in sections on fully clamped or par- 
tially clamped plates. Change the direction of 
welding. Do the work in the step-back method, and 
choose the sequence and direction of the welds in 
such a manner that the resulting shrinkage stresses 
should cancel one another. When fully clamped 
plates are welded, it is best to peen each section 
welded and by alternately preheating and cool- 
ing try to minimize or eliminate the stresses due 
to the shrinkage of the welds. 


During the process of welding, very satisfactory re- 
sults can be obtained in checking welders by having 
each welder make a check test while he is welding. 
This test is made on two pieces of steel 2 in. x 6 in. x 
1% in. thick lap welded on one edge only. Upon the 
breaking of these plates apart you can immediately 
observe the penetration, fracture and porosity which 
the welder is really obtaining not only in the test piece 
but the structure itself. 

A MEMBER: Yesterday a gentleman spoke of the 
attendance being from all corners of the world. Yes- 
terday we had a gentleman from Scotland address us. 
We have this morning two very noted engineers from 
Japan. One of them I know is particularly interested 
in this paper. I think Mr. Vogel is familiar with the 
work they are doing and the kind of information they 
are seeking. I think it is best to give them all the 
help and information available. 

MR. A. VOGEL (General Electric Co.): When giv- 
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ing the cards of Mr. Akiyama and Mr. Pechkin to our 
President, his attention was not called to the fact that 
Mr. Pechkin is from Russia. 

Mr. Akiyama, of Uraga, Japan, is interested in 
ship construction. It is hoped that the representatives 
of the various shipbuilding companies will make it a 
point to meet Mr. Akiyama. He understands English 
very well indeed, but has not yet attained that confi- 
dence in expressing himself in English which is so nec- 
essary in extemporaneous public speaking, and you will, 
therefore, understand his declination to speak to this 
large audience. I am sure those of you who are en- 
gaged in ship construction will enjoy discussing vari- 
ous problems with him. 

Mr. Pechkin, of Leningrad, U.S.S.R., is_ inter- 
ested in locomotive construction. The U.S.S.R. pro- 
poses to build a very large locomotive factory in a city 
near Moscow. At Leningrad, Moscow, and Kharkov, 
the U.S.S.R. has large locomotive repair shops. Mr. 
Pechkin is not only interested in locomotive construc- 
tion and repair, but also in the general application of 
welding to manufacturing methods. It is hoped that 
those of you who can give assistance to him will do so. 

During the summer of 1930 I had the pleasure of 
visiting various Russian cities and met several weld- 
ing engineers. In every case the engineers were well 
educated and thoroughly appreciated the information 
conveyed to them. 

We have also had Mr. Ogiewetsky, Assistant Pro- 
fessor of the State High Technical School of Moscow, 
visit us. Among other things, he expressed pleasure 
at receiving the AMERICAN WELDING SOCIETY JOURNAL, 
and it is possible that he may be a member of the 
American Welding Society. 

The Russians are very much interested in the work 
this Society is doing. They translate our papers either 
in total or in abstract and, therefore, do not be sur- 
prised if you find some of the articles you have written 
for the A.W.S. translated into Russian and distrib- 
uted all over the U.S.S.R. In fact, it is significant 
that requests for information regarding details of arti- 
cles published in the JOURNAL are being received from 
cities as far apart as Leningrad and Harbin. 

It is worth noting that our Society seems to have 
become internationalized as a result of the quality of 
work performed. It is taking the lead all over the 
world in the quality of welding papers being published, 
and it is hoped that our international character will 
assist not only us but also engineers everywhere. 

MR. OWENS: The two types of welded construction 
discussed by Mr. Kjekstad would, if not impractical, 
certainly be uneconomical if riveted. The main point 
of interest to us should be the fact that welding has 
made it possible to assemble available material into 
structures not previously economical. These illustra- 
tions are, therefore, additional evidence of the possi- 
bilities of welding in all fields of construction provided 
we do not attempt to make the details of design and 
fabrication conform to practices developed for riveting. 
Another point I would like to call attention to is that, 
with proper engineering guidance, there is as much lee- 
way within the welding processes themselves for their 
practical and economic application as there is between 
riveting and welding. I mention this because Mr. Kjek- 
stad would, in my opinion, unnecessarily restrict the 
use of the butt weld because of residual stresses. It 
might be said that the use of fillet welds will cause 
less trouble from residual stresses, but their use does 
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not absolutely guarantee freedom from trouble, whether 
these stresses manifest themselves in a distortion of 
the structure or its parts, or in weld or plate failure. 

Welding is now being used more extensively in ship 
construction and repair in the United States and Europe 
than Mr. Hobart’s question would indicate. Indeed, 
American shipyards are today among the largest indi- 
vidual users of filler metal (electrodes and welding rods). 
oxygen, and acetylene. I am also confident that more 
welding is being done in American shipyards, includ- 
ing navy yards, than in the yards of foreign countries. 
The extensive use of welding in the shipbuilding in- 
dustry is not obvious, because more welding and cut- 
ting are required per ton of steel used than on prac- 
tically any other type of construction. 

As filler metal can now be obtained from several 
manufacturers for the production of welds at a rela- 
tively low cost, and whose properties are equal or supe- 
rior to the base metal, the use of welding in ship con- 
struction will be even more rapidly extended. One of 
the principal objections of Lloyd’s and other authorities 
responsible for the safety of vessels has been the physi- 
cal properties of the weld. The navy and the large 
shipyards have so far done more to extend the process 
than the smaller yards. On the other hand, the small 
yards with their smaller plant investment and with 
their lower overhead, should be able with a relatively 
small investment for welding equipment to obtain more 
contracts on new construction and repair work than 
was previously possible by riveting, i. e., provided the 
owners, naval architects, underwriters, the American 
Bureau of Shipping and other classification societies 
can be assured that their welding organizations are 
competent. 


MR. W. T. OBER (Thomson Gibb Electric Welding 
Co.) read his prepared paver on “Resistance Welding 
of Metal Fabric.”* 


MR. SCOTT: Mr. Chairman, may I ask Mr. Ober 
as to whether or not this process of resistance welding 
of wire has ever been used upon galvanized wires? 

MR. OBER: Yes. It is being used on galvanized 
wire. 

MR. S. S. SCOTT (New York Navy Yard): With 
what success from the same ratio of welding per hour? 

MR. OBER: Just as successful on what has been 
used, but it has only been used very little. The per- 
centage of fabric made from galvanized wire which has 
been welded I don’t imagine is over about 1/1000th of 
that made from ungalvanized wire. I only know of one 
manufacturer that has welded galvanized wire, and that 
in very small quantity. 

MR. SCOTT: How does it affect the corroding re- 
sistance on galvanized wire? 

MR. OBER: I don’t know. It is claimed in weld- 
ing galvanized material we don’t destroy entirely the 
galvanizing effect. That is open to discussion. I will 
leave that to the people who want to argue it. I am 
open-minded on the question. 

UNKNOWN MEMBER: Have you ever welded cop- 
per or any alloyed material by the same method? 

MR. OBER: Only experimentally. 

A MEMBER: How about Allegheny metal? 

MR. OBER: I don’t know of any fabricator usin“ 
that, although all of the stainless steels have been 
welded very successfully, spot-welded or butt-welded. 
It requires different setting for current pressure, etc . 
and the same applies to copper wire and copper alloy. 
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Pure copper is very difficult to weld. The same applies 
to rich copper alloys. 

MR. R. W. VANNER: Would you recommend weld- 
ing Allegheny sheet .008 to 3/16-in. thick material? 

MR. VANNER: Allegheny. Same material. 

MR. OBER: Airplane work? 

MR. VANNER: Yes. 

MR. OBER: No trouble at all. You have to know 
what you are doing. That’s all. Generally speaking, 
when these so-called stainless steels, KA2, or whatever 
you want to call them, are used, we say it takes less 
heat to weld. That is not technically correct. It does 
require—in fact, it is absolutely essential—that we use 
a much lower heating voltage or open-circuit secondary 
voltage. Otherwise you will burn your material. The 
period of plasticity on temperature scale seems to be 
very narrow, and for that reason you have to regu- 
late your voltage and current quite carefully, and your 
pressure also. But anyone who has had any experi- 
ence at all with it knows what to do and can weld just 
as satisfactorily as on ordinary steel. I know at least 
some of the autogyros have rotor blades, resistance 
welded. That is, the stainless steel covering’is welded. 
Whether or not those are actually in operation and fly- 
ing about the country now I do not know, but I do know 
there have been several sets made up and have proved 
very satisfactory. 

UNKNOWN MEMBER—I understand Mr. Ober to 
say that high carbon material had to be melted very 
slowly to avoid burning. Will you state the percent- 
age of carbon material? 

MR. OBER: It will vary greatly. Material made 
from rerolled rails has apparently contained anything 
from .60 to .90 carbon. I find that material sent in 
which was made from rerolled rails may be almost 
anything. As a matter of fact, you cannot often bend 
it over 90 deg. without its breaking. Some of it you 
can weld and obtain a very good weld. 

A MEMBER: Has the welder any trouble from 
scale? 

MR. OBER: Scale alone in mild steel does not offer 
any great difficulty. A combination of scale and high 
carbon makes it nasty, because, you see, you have the 
resistance of high carbon and resistance of scale. Of 
course high carbon steel tends to fuse, flow, or blow 
out much more quickly than the mild scale. 

MR. SCOTT: How would that affect the trans- 
former? 

MR. OBER: In that particular case, 31 transformers 
are used rated at 15 k.v.a. each. Now, on our machine 
there were 32 transformers, each rated at 25 k.v.a. A 
fabric welder is merely a multiple spot welder. Merely 
a frame carrying 32 individual spot welders with the 
other ramifications that have to do with the feeding 
of the wire, and so on. The result is each individual 
transformer is being charged with the same current 
at each weld. Uniform results are therefore obtained 
on all welds. 


MR. E. R. TORGLER read prepared paper on “Four 
Problems Encountered in Flash Welding Mild Steel.”’* 


MR. TORGLER: I would like to say in conclusion that 
our experience with flash welds has been very satisfac- 
tory. The welding machines themselves require very 
little maintenance and do not need particularly skilled 
operators. We feel that we have adopted the best avail- 
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able welding process for our particular purpose. (Ap- 
plause). 

A MEMBER: I would like to ask if the upset metal 
was chipped off the test specimens described under 
Problem No. 4. 

MR. TORGLER: As described in the manuscript, 
coupons 1 to 4, inclusive, were from the original steel 
and contained no weld. The flash or upset metal was 
chipped from the coupons, which included the welds in 
the remaining four groups except coupons Nos. 7, 8, 
12 and 13, from which the upset metal was not chipped. 
It is our regular practice to chip the welds flush with 
the circumference of the ring on the inside but to leave 
a small ridge of upset metal on the outside. We con- 
sider the welds chipped or trimmed when this regular 
practice is followed. 

MR. S. A. SHEIDAS: I would like to ask if you have 
successfully used the flash welding process on alloy 
steel; if dissolved oxygen is a factor; and if a flux is 
used in the roll welding process. 

MR. TORGLER: To answer the last question first, 
1 am not very familiar with the details of roll welding. 
but I understand that some kind of flux is usually used. 
Just what this flux is I am not able to say. 

In general, flash welding is readily adaptable to a 
great many alloy steels. We have successfully welded 
high manganese steel in regular Dresser middle ring 
sections. The carbon content of the steel seems to be 
more of a determining factor than the alloy content. 

I can give you no information concerning the influ- 
ence of dissolved oxygen on flash welding. 

A MEMBER: What was the manganese content of 
the steel you mention as “high manganese”? 

MR. TORGLER: That steel contained about 1.30 
per cent to 1.40 per cent manganese. 

MR. J. D. MCKIERNAN: Did you make a series of 
tests on the high manganese steel welds the same as 
described in your paper? 

MR. TORGLER: We did not follow exactly the same 
procedure, bit we made physical tests in the same 
manner and a number of hydrostatic pressure tests 
on finished middle rings. The welds were invariably 
stronger than the original metal. 

MR. McKIERNAN: Do you operate your flash 
welders at full speed during the entire welding cycle, 
and do you find that the current remains constant? 

MR. TORGLER: The welding cycle is automatic. 
Once the proper speed and length of the flash and up- 
setting periods are determined, the machine is set and 
each weld is made in exactly the same manner as the 
preceding one. 

The current does not remain constant during the 
welding cycle. It also varies with the cross-section 
of the metal being welded. For example, in welding 
% in. by 8 in. material, the optimum current during 
the flash period is in the neighborhood of 624 amperes. 
At the finish of the upsetting period the current jumps 
to around 2200 amperes. Too much current at the finish 
will cause the weld to burn through. 

MR. N. L. REED (Watertown Arsenal): We have 
done some flash welding recently, developing the proc- 
ess and setting the proper limits for manufacture. 
The investigation presents an interesting and typical 
example of successful application of scientific research 
methods to a quick solution of a practical industrial 
problem. It was carried out by Dr. Yatsevitch, Mr. 
Maguire and myself. 

We have welded .40 per cent and even .50 per cent 
carbon steel very readily, with excellent results. Among 
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other factors we gave quite a lot of attention to pres- 
sure applied during the process, current and voltage 
used. 

May I ask Mr. Torgler what his values are? 

MR. TORGLER: The primary voltage of our ma- 
chines is 440 to 460 volts. The secondary voltage is 
about 12 volts. This secondary voltage during the up- 
setting on a % in. by 8 in. weld drops to around 7 
volts as the current requirement reaches the maximum. 

There is no doubt but that higher carbon steels can 
be flash welded satisfactorily. We have welded .25 
per cent to .30 per cent carbon steels without difficulty 
but it has been our experience that as the carbon con- 
tent increases the ratio of the strength and ductility 
of the weld to the strength and ductility of the parent 
metal decreases. In other words, we feel that when 
higher carbon steel is welded, higher factors of safety 
should be used. 

MR. CLARK (Lynn, Mass.): What do you find the 
most satisfactory method of removing the flash? 


MR. TORGLER: So far as results are concerned, we 
have found pneumatic chipping chisels very satisfactory, 
but this method is slow, costly and very noisy. We 
have spent considerable time and money in an effort to 
improve this part of the process and have recently in- 
stalled a special flash trimming machine, the details 
of which I am not very familiar with. 

MR. CLARK: Is it a milling process? 


MR. TORGLER: Yes. The contour of the cutters 
conforms to the contour of the skelp section being 
chipped. 

A MEMBER: Some people use a plain chipping 
hammer or a planing tool. A Philadelphia company, 
operating two flash welders, use a regular planer, the 
tool of which runs across the weld in one stroke. Their 
results are very satisfactory. 


MR. TORGLER: We have considered the planer for 
removing the flash from our welds, but have found it 
unsatisfactory, due to the irregular cross-sections of 
our middle ring skelp. 

PROFESSOR ADAMS: May I ask the speaker 
what particular metal he uses for the surface of his 
lower welder jaws? In other words, we formerly used 
a hard surface copper bar. Do you use any special 
surface metal? 

MR. TORGLER: We are using cold-rolled copper 
almost entirely. We are, however, experimenting with 
a special facing for these dies. I cannot give you the 
results of these experiments at this time. 

A MEMBER: May I ask the last speaker whether 
or not he can explain his success with his high carbon 
flash welding, whether or not he employed any particular 


devices or methods or heat treatment to get these 
results? 


MR. REED: We experienced no particular difficul- 
ties and employed no special devices. We heat treated 
only to raise the physical properties of the entire 
piece after welding since the rupture from testing 
occurred in the base metal and not in the weld. 

We started on the problem from the very bottom, per- 
forming experiments which would definitely show the 
effect of certain factors in order that they might be 
classed as beneficial or harmful toward producing the 
best possible weld. 

Through the use of the following methods (on a 
section cut through the weld) we were able to class the 
factors of welding as benefiting or detracting from the 
value of the weld. 


Bauman Prints: show; the general cleanliness of the steel; 
the distribution of phosphorus and sulphur in the metal; 
the extent of desulphurization and dephosphorization at 
the weld; the flow of the metal as the burrs were formed. 

Macro Etching: (Nitric acid etch without magnification) 
show; the extent of the heat affected zone; the apparent 
grain size and location of changes in grain size; the gen- 
eral effect of high pressure; the presence of oxidized 
metal not pressed out to the burrs. 

Hardness Survey: Using Vickers Hardness Machine (25 
impressions per linear inch) and plotting the results, we 
were able to show that structural changes occur where 
the*hardness values change. 

Micro Examination: Reveals the complete structure of the 
metal; shows the amount of diffusion of one metal to the 
other at the weld; the presence of any oxide not com- 
pletely forced out; the presence of “cold work” areas 
caused by excessive pressure. 

Physical Tests: Both tensile and impact tests to give abso- 
lute values and to show where fractures occur. 


The following factors were found to be beneficial 
or aided in the improvement of the flash welds: 

Allowing correct overhang of the pieces in the clamp- 
ing jaws. 

Selection of the proper current density and secondary 
voltage. Average values being 10 to 11 volts and 3000 
amps. per sq. in. 

Selection of proper pressure to give maximum effect 
on intermixing of the two parts, maximum aid in form- 
ing the burr and removal of oxidized metal without 
cold working the metal adjacent to the fusion zone. 

Selection of the length of time to hold flash to insure 
proper heating, but not to extend the heat affected zone 
any more than necessary, or to unnecessarily shorten 
the pieces, allowing the current to flow through the 
circuit while push-up was taking place. 

Selection of rate of movement during flash to feed 
are or flash properly. 

Irregularities of size or roughness of contact surfaces 
do not interfere; contact areas with ratios from 1:1 to 
1:1.5 can be successfully welded. 

Carbon content of the steel offered absolutely no dif- 
ficulty. Welds were made on steels varying in carbon 
from .20 per cent to .50 per cent, the following combi- 
nations were welded: .20 per cent C. to .20 per cent C.., 
.20 per cent C. to .40 per cent C., .40 per cent C. to .45 
per cent C., .50 per cent C. to .50 per cent C. No 
changes of any sort in the process were made as the 
different materials were welded. 


Among the factors which detracted from the value of 
the welds are: 


Oil or grease left on the surface to be weided. A gaso- 
line wash or dip removed these undesirable elements. 

Preheating of the pieces (resistance heating) before 
flashing is unnecessary as it affects the structure of the 
metal, overheating during the subsequent flash being hard 
to avoid. Preheating is slow and costly. 

High current values extend the heat affected zones, and 
may cause difficulties because of the rapidity of operations 
during flash welding. 

High pressures must be avoided in order that “cold 


work” zones will not be present to weaken the finished 
product. 


MR. H. A. WOOFTER (Swift Electric Welder Com- 
pany): I can answer this gentleman’s question about 
the alloy steel or Allegheny metal. Last week we were 
welding strips 5 in. wide and % in. thick of Allegheny 
metal, and also some blue hot rolled steel sheets of the 
Same dimensions. The two alloy sheets welded together 
beautifully, also the alloy welded nicely to the hot 
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rolled steel. Somebody here asked about flux and what 
flux should be used. Fluxes are almost never used in 
connection with resistance welds. Of course, borax 
is sometimes used when welding special alloys. An in- 
stance I have in mind right now was in a railroad shop, 
where the operator was using ordinary river sand in 
order to facilitate rolling of its flues. It worked the 
best of any flux I ever saw. It was something to hold 
the heat. As regards welding high carbon steel, that 
has been done for the last twenty years, clear up to 
.80 per cent carbon. It is always recommended in a 
carbon steel weld where the carbon content is .50 or 
above, they should always be quenched and annealed in 
the weld in order to neutralize stresses and strains as 
much as possible. Take high-class vessels and cutlery: 
They are practically all welded. And practicatly all of 
the saw manufacturers who manufacture band saws and 
hand saws, such as Simmons Saw Co., Disston, Napier 
and American Saw Co., have welded their high carbon 
saws for years. Same way with some steel companies 
in making safety razor blades. They weld the rolls 
of steel together before it goes through the rolls. | 
have some blades made from rolled steel and they shave 
as well as any blade I ever bought. A few years ago 
we had an experience with a certain safety razor com- 
pany and it was satisfactorily established that 1.2 
carbon could be welded. So there is no trouble what- 
soever in welding steel high in carbon content, but there 
is a little knack in knowing just how to do it. 


MR. P. J. HORGAN reads his prepared paper on “The 
Engineer, the Welder and the Foundryman.”* 


MR. A. M. CANDY: Mr. Horgan is certainly to be 
complimented on his very fearless and exact presen- 
tation of his subject this afternoon. I think that 
some of us possibly have been a little bit too much 
inclined to stress the advantages of welding as op- 
posed to castings too much in the past. At our own 
factory, for example, as Mr. Horgan has asserted in 
connection with his company, we have likewise gone 
into welding to a very great extent, producing our 
electrical machinery by that method. But further study 
on the part of our engineers indicated some of the 
things Mr. Horgan has pointed out. In the first place, 
foundry and pattern making practices apparently have 
not received the intense study during recent years that 
welding has received in the past five or six years. We 
have found a number of cases where casting designs 
could be improved to a point that the savings of a given 
welded design disappeared. As a result our engineers 
are now beginning to give foundry practice some inten- 
sive study. This does not mean that we are switching 
allegiance from welding to the foundry. On the con- 
trary, it is simply recognition of an economic principle 
that every application must stand on its own feet and 
the most economical method must be developed and 
used. We would certainly appear foolish if we blindly 
used welded designs of greater expense than carefully 
designed castings. 

There have been a few persons who have recom- 
mended a combination of steel castings and welding. 
The idea is to design a large complicated structure in 
a number of small cast steel parts (economical to make) 
said parts to be assembled into a complete structure by 
welding. I would like to know if Mr. Horgan has had 
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any experience along this line and could cite any specific 
interesting examples. 

MR. P. J. HORGAN (General Electric Company) : 
The subject of combination of all sorts of small castings 
has often been discussed, but it is mighty hard to get 
the sympathetic cooperation that is necessary. The 
smaller your casting is the smaller the amount of sand 
you have to handle and the less your direct labor costs, 
and so your costs ought to be lowered, but when it 
comes to taking a lot of these small parts and welding 
them together the result may be more or less expen- 
sive than an integral casting. There are not very 
many cases of it being done yet, although I have seen 
some illustrations of the practice. The one outstanding 
example that comes to mind is the case of five steam 
turbine shells. If you start in to try to make a fabri- 
cated steel turbine shell, you would have some job on 
your hands, because when it comes to controlling the 
steam from valves down to the first stage nozzle, you 
are getting into all kinds of shapes difficult to fabricate. 
It was therefore decided we would leave the valve 
gear portion a steel casting as it always has been. The 
rest of it was rolled sheet metal, both ends, top and 
bottom, and we welded the whole thing together. It 
was not cheaper, because of the fact that a tremendous 
amount of welding labor was involved, and when you 
get the whole thing together the material, welding, 
labor and overhead, it costs more. It represents an 
effort on the part of our turbine people to study what 
the welded construction is good for at any rate. Then 
there is a case where we had a big casting just like a 
pulley with a big, long projecting pipe on it. To cast it 
and get the best results you have to cast it this side 
up (indicating), meaning a flask about as tall as I am. 
In the welded form we take a piece of cold rolled steel 
and drill a hole through it (or we have used piping), 
and the cost of the steel casting in this case is only a 
small part of it. By taking the pipe and small steel 
casting and flash-welding the two together we get good 
results at lower cost and more dependable. I will give 
those two examples to show there is a field for taking 
steel castings and welding them together. 

MR. E. CHAPMAN (Lukenweld, Inc.): The com- 
pany with which I am connected is engaged in the fab- 
rication of heavy industrial equipment from welded 
plate. This matter of combining plates and castings 
has presented itself very forcefully in several instances. 
Some time ago we completed a single cylinder gas en- 
gine for oil field work that represented a distinct 
achievement in the field of welded structures if one 
disregarded its cost. Upon analysis the goblin was found 
residing in a helical worm pocket which took power 
from the main shaft to drive the magneto. This in- 
significant bit, with its knobs, corners, and reentrances, 
weighed about 40 lb. and was worth its weight in gold 
after being welded up from small nubbins, each one 
of which had to be carefully located with respect to the 
main frame. In a steel casting it might have cost $5, 
but I doubt it. 

We recently completed the parts for a large bending 
roll. The main frames called for bushings 20 in. long, 
16 in. in diameter, with about 4-in. walls. These could 
have been cut from a slab 20 in. thick, but the oxygen 
costs going through 20 in. of steel would have been pro- 
hibitive in comparison with what we were able to buy 
the steel castings for. 

Mr. Horgan has left out one item in his evaluation 
of the cost of a welded job: an item which may easily 
overshadow any of the others. We find that the fitting 
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up and assembling of the various pieces that enter into 
the job, getting it ready to weld, is very often the major 
cost of the job. In a recently completed 500-ton press 
there were two 4',-in. plates 4 ft. wide that were bent 
into two U-shaped pieces. Bending 4'2-in. plates is 
not the easiest thing in the world, and when these 
plates arrived at the weld shop within % in. of each 
other, it was felt that the bending was all that could 
be expected. It took three men four days to tack weld 
and fit that press together in such a way that the % in. 
did not become critical. The answer to this problem 
is not at all clear at the present time. One just doesn’t 
jig a 13-ft. press weighing 43,000 lb. I would like to 
have Mr. Horgan’s comments on this particular phase 
of the welding picture. 

MR. HORGAN: Of course the experience of Mr. 
Chapman’s company is a fine example of what we are 
talking about. In order for a man to know what a 
thing is going to cost, so that he will be protected in 
every detail beforehand, he has to figure what it will 
cost to get his material ready and into position before 
he starts his welding. 1 know of an isolated case in the 
Lynn Works where we had two men on one piece of 
work on a Saturday morning, where two welders worked 
15 min. (i. e., welding) between seven o’clock and twelve 
o’clock noon. The rest of the time they were jockeying 
around and getting their parts in position because the 
gascut members did not fit just right. Men who are 
right in the shop getting the real detail cost of the 
welded structures are in a position to find out what 
the element of handling time is as compared to weld- 
ing time. 

MR. F. T. LLEWELLYN: Mr. Chairman, Ladies, 
and Gentlemen: As I take it, we are talking about 
machine parts. As I listened to the paper I was un- 
certain whether to make a few remarks from the stand- 
point of the combination of castings and welding, a 
process that is evidently favored by both speakers and 
commentators, whether to discuss it from the stand- 
point of inventory saving or whether to discuss it from 
the standpoint of obsolescence. What is going to hap- 
pen when a machine that has been on the market has 
to be improved to meet competition? But noticing that 
in the audience this afternoon we have representation 
from the fair sex, I thought I would discuss the sub- 
ject from a different angle, that is, from the stand- 
point of beauty—appearance. A machine is worth more 
if it is good looking. There are many reasons for that. 
Beauty is a difficult thing to analyze. Our ideas of 
beauty are largely dominated by habit. We look at a 
machine base, and we see that it has sloping sides. 
We imagine that those sides were given a slope for the 
purpose of appearance. We have certainly become so 
accustomed to it that the sloping flare is more or less 
associated in our minds with good-looking appearance. 
I don’t need to remind you that those sloping sides were 
put there without any view to appearance whatsoever. 
They were put there because the part was made of cast 
iron, and if the sides did not slope the pattern could 
not have been drawn from the mold. Again, the cast 
iron parts will have a large, sweeping fillet, which again 
we have associated with beauty. It was not put there 
with an idea of beauty at all. The sweeping fillet was 
put there because if it had had a sharp reentrant angle, 
the casting would have cracked either in cooling or 
under very moderate loading. These features, and I 
could multiply instances, were put there primarily with 
a view to utility, and we have become used to them. 
All these features could be duplicated with welded steel, 
but I think I am correct-in advising you that it is not 


to be recommended. It serves no useful purpose and 
it costs more than is necessary. In place of that let us 
educate ourselves and let us educate the industry to 
those principles of construction in which beauty is seen 
to represent suitability to function. With a little care 
in design, there can be developed a beauty of line, a 
beauty of proportion, a beauty of light and shade which 
will ultimately replace in our minds the old ideas, fos- 
tered by habit, as to what constitutes good appearance. 
( Applause. ) 

MR. OWENS: There is one important point that Mr. 
Horgan has not touched on and which I think is the 
most important to be considered in deciding on a 
change-over from castings to welded parts, i. e., the 
impossibility of predicting that the casting is sound. 
The inability of the average foundry to insure sound 
castings is very costly, particularly when the defects 
are not apparent on the surfaces of the rough casting 
when it is delivered to the machine shop, and do not 
show up until considerable machine work has been per- 
formed. High costs due to defective castings are fur- 
ther accentuated when production schedules and deliv- 
ery dates are disorganized. This latter phase of the 
problem sometimes seriously affects the morale of the 
machine shop and many other departments of the plant. 
One of the most outstanding illustrations of defective 
steel castings was the stern frames of the first set of 
cruisers built under the terms of the Washington 
Treaty. In this case some of the defects were not dis- 
covered until the stern frames were delivered to the 
shipyard, and in one case not until the frame was actu- 
ally assembled into the structure of the ship. As a 
result, I was requested to design a completely welded 
stern frame, but the frame was not fabricated due to 
limited time. 

MR. J. J. CROWE (Air Reduction Co.): I hadn’t 
thought of saying anything, but now that I have been 
called on I would like to ask the speaker if, in consider- 
ing his 25 or 30 per cent on his rolled material due to 
the loading operation, he took into account the fact that 
a large part of the cest arose from transferring mate- 
rial for one job to another job. 

MR. HORGAN: If the company I am associated with 
can find any way to use up material that is scrapped, 
they don’t miss a pound of it. One thing we think 
we know in Lynn is that we know pretty near what the 
percentage of our scrap is. We found that at one time 
we kept all our new plates inside the building, and every 
time a man wanted to gascut a piece he would take a 
brand-new plate. We finally put in a yard crane and 
kept our new plates out in the yard, and we kept our 
partially cut plates inside the building. The scrap has 
gone down to about 30 per cent. It has been some weeks 
as low as 10 per cent. 

I think that I covered the situation very clearly when 
I said that the men’s handling time and welding time 
is directly proportional to the number of pieces you 
have to make and facilities at hand for doing it. In the 
set-up where girls are welding, all that the operator has 
to do is to inspect her work and weld steadily. I made 
the statement that the number of cases where the weld- 
ing is 95 per cent of the time are few and far between. 
We know how many pounds of welding wire in struc- 
tural steel work are deposited per hour. It is not much 
more than 2 lb. In some cases it is less. We have 
girls welding using 3 lb. of 3/16 dia. wire. We have 
men using 50 lb. of wire for a day’s work. The work 
is put in position on conveyors and presented to the 
men, and all they have to do is weld. You can only 
do that on certain kinds of work. If you are goins 
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to make one big structure and have some rolling over, 
you can’t get any such percentage of welding time as 
that. You have to find time to get the work in posi- 
tion; time for the operator to know what he is doing. 
You can’t always get that high (95 per cent) or even 
60 per cent time. In order to arrive at the correct cost 
you have to know what you are working with and what 
you are working on. 


MR. 8S. 8S. SCOTT (New York Navy Yard): I would 
like to discuss a certain issue Mr. Horgan spoke upon. 
I wish every member that visits the Lynn Works of 
the General Electric Co. would take special notice of 
the following facts: Mr. Horgan stated the actual 
welding time on a Saturday morning was 15 per cent in 
a certain department and at other times higher than 
this figure, also this condition made it difficult to pre- 
pare good estimates. Today we have welding engineers 
to arrange certain procedures and control, for every 
phase of mass production so as to plan the work, and 
that the actual welding time will be at its maximum per- 
centage of the working time. Therefore, this thought 
of the speaker might leave a false impression, so I will 
briefly state, where in other departments of the General 
Electric Co. that the work is operated upon a work factor 
of nearly 75 per cent. In the fabricated motor frame 
department of the Lynn works they have the various 
parts of the frame arranged in a rotary jig which oper- 
ates automatically at a speed equal to the speed of weld- 
ing. They use women welders upon this work, who are 
specially trained and highly efficient on this work. 

Their actual welding time averages nearly 80 per 
cent of their working time. Therefore, the point which 
I wish to bring out is just this, that if the work is 
planned in accordance to the best practice of procedure 
and control, definite estimates can be made for welding 
and consequently can be obtained. 

The standard known rate of actual welding time to 
working time is 30 per cent and today we are endeavor- 
ing to increase this working factor by systematizing 
the work by adopting-well-defined plans and schedules. 
A little incident which occurs to me might be of interest. 
During a meeting of designing engineers eight years 
ago the question was brought up as to their opinions 
to the use of welding in their design and out of a group 
of 50 engineers that were present 60 per cent of them 
were in favor of doing away with welding, 5 per cent 
in favor of welding, and the balance just wanted to try 
it out. In other words, welding had not sold itself. 
After a period of five years the opinions of these same 
engineers on welding were entirely changed. Out of 
the 60 per cent, 55 per cent of them were strongly in 
favor of welding. Out of the balance of those that just 
wanted to try it out all were in favor of welding, and 
the only ones who were in favor of throwing it out en- 
tirely were the foundry men. 

The fact that residual stresses in welded joints are 
not uniformly distributed across the entire joint is 
well known.’ This fact, however, does not effect the 
results obtained by the writer. The data obtained by 
the writer give the maximum residual stress remaining 
after a given annealing process. This value will hold 
whether the initial residual stress is uniformly dis- 
tributed or not. The maximum remaining value in 
either case will be the same and it is the maximum value 
of stress that is important. 


1Chas. H. Jennings on “The Effect of Welding Procedure on 
Shrinkage Strains in Butt Welded Joints,” by Journal of American 
Welding Society, April, 1921, p. 27 


hed published in the September, 1931, issue Journal of the 
. 8. 


MR. EVERETT CHAPMAN reads prepared paper on 
“Maximum Stress; Its Influence on Cost and Service 
Life of a Structure.”* 


Discussion During Slide Showing Stress Distribution 
in Cast Iron 


A MEMBER: Those are just holes cut in that piece 
of celluloid? 

MR. CHAPMAN: Yes. The pattern of the particular 
microphotograph chosen was reproduced on the cellu- 
loid and the graphitic areas sawed out. 

A MEMBER: How are the light and dark areas in- 
terpreted? I mean the shape. Photoelastic analysis? 

MR. CHAPMAN: Yes. It is along story. The posi- 
tion of the light and dark areas are only significant 
quantitatively when taken in conjunction with the plane 
of polarization of the light. These areas shift as the 
specimen is rotated with respect to the plane of polar- 
ization and a complete map of the principal stresses 
results from a study of these shifts. 

A MEMBER: How did you get rid of your residual 
stress when you punched those holes? 

MR. CHAPMAN: We saw and file them; we do not 
punch them. 

MR. CHAIRMAN: We have several offers for dis- 
cussion on Mr. Chapman’s paper. One is by Mr. Bibber. 

PROF. C. A. ADAMS (Harvard University): I can 
say little more than to compliment the author of this 
paper most heartily on having tackled his job in a really 
scientific way. Most of the welding work done in this 
country as to design and workmanship has until very 
recently been carried out with little scientific back- 
ground, and has often been really wasteful and some- 
times very unsatisfactory. Mr. Chapman has shown 
us how, by a very simple manner, to reduce the maxi- 
mum stresses in one type of structure in the order of 
four to one without any increase in material, and in 
some cases with an actual reduction. This constitutes 
a real contribution, not only to welding engineering 
but to engineering in general. 

Probably few of you can appreciate the feeling of 
pleasurable satisfaction that comes to me on an occasion 
of this kind. A small group in the Welding Society 
and Bureau of Welding have from the beginning real- 
ized the value of scientific analysis and scientific re- 
search as applied to welding problems, and have fought 
hard to spread this appreciation throughout the indus- 
try. If you had been through this fight, you would 
understand the sense of gratification that comes to us 
on an occasion of this sort. 

MR. LLEWELLYN: I am not going to take up your 
time any longer than is necessary to indorse Professor 
Adams’ comments and to compliment the author of the 
paper and his associates on what he has given us. The 
companies represented by many of us are pioneers in 
certain fields. There is no question but that the com- 
pany with which Mr. Chapman is connected is a pioneer 
in this new field, and we don’t resent it at all. We wel- 
come it. We also appreciate the description of the re- 
sults of their work which has been presented. They are 
broad-minded. They feel, as we feel, that research such 
as has been communicated this afternoon makes for the 
common good of the companies whose representatives 
are present here, as well as for the good of the Ameri- 
can Welding Society. I feel warranted in extending to 
Lukenweld, Inc., and to Mr. Chapman the heartiest wel- 
come. (Applause.) 

MR. G. R. BROPHY (General Electric Co.): Several 
years ago an investigation was carried out by the Gen- 
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eral Electric Company for the purpose of studying stress 
distribution in railway motor pinions. As a result of 
this investigation a greatly improved life was obtained 
by redesigning the pinion. 

An outstanding point which would be of interest to 
this group, after listening to Mr. Chapman’s paper, 
follows: 

A celluloid section of one of our pinions was pre- 
pared and a tapering plug was forced into the bore 
which tended, of course, to burst the pinion. Photo- 
elastic studies then showed that the greatest concen- 
tration of stresses occurred in the section through the 
center of the tooth rather than in the web between the 
teeth, and indicated that a steel pinion burst by forcing 
a tapered plug into the bore would fracture through 
the tooth, or heavier section, rather than through the 
light web. This was done, and in every case the frac- 
ture occurred through the tooth. The position of frac- 
ture is modified by service stresses and tends to start at 
the junction of the tooth and web. In other words, 
tooth pressure tends to fan out the fracture. 

The limiting cases then are (1) without bursting 
stress, but with tooth pressure alone the fracture tends 
across the base of the tooth from fillet to fillet. (2) 
Without tooth pressure but with bursting stress only 
the crack tends to occur radially through the center 
of the tooth. 

MR. C. JENNINGS (Westinghouse Electric & Mfg. 
Co.): I happen to have the film in my room on the 
second floor now of photoelastic test on gears. If we 
had any chance for a moving-picture camera here this 
afternoon, I would te glad to get that down and show it. 

CHAIRMAN: I am quite sure the group would be 
glad to see that picture. : 

MR. L. C. BIBBER (U. S. Navy Dept.): I have had 
the pleasure of seeing Mr. Chapman’s work, and it would 
be interesting if he would explain that he does not use 
prisms in this work; that he uses mirrors. By the use 
of mirrors he makes a relatively cheap box, and it can 
be used in any size. I think the use of prisms would be 
out of the question for any extended work. But with 
the devices he has he can make these in this connection 
with just two simple mirrors. I think it would be very 
interesting if he would explain that. 

MR. CHAPMAN: A discussion of the phenomena of 
photo-elasticity can become tremenduously involved 
especially if the discusser has nothing but his hands 
with which to illustrate his points. I will make an 
attempt to outline the subject. First, let us divide the 
discussion into two parts: how to produce polarized 
light and how polarized light enters into the determina- 
tion of stress distribution. 

Plane polarized light is light whose vibrations are 
confined to a single plane. It can be produced either 
by transmission through Iceland spar or by reflection 
from plane surfaces. The familiar Nicol prism utilizes 
a thin slice of Iceland spar for the production of polar- 
ized light but the trouble with this method from a 
cost standpoint is that the prisms are so small that 
an expensive optical train has to be set up to give a 
field of workable magnitude. Columbia University has 
two prisms about one and one-half inches square and 
they are priceless. Utilizing the reflection from plane 
surfaces the only limit to the area which can be studied 
at a reasonable cost is how much room is available. 
Brewster pointed out in 1816 that the reflected ray of 
light incident at an angle whose tangent was the re- 
fractive index of the glass used was plane polarized. 
The refracted ray was only very slightly polarized and 
it therefore becomes necessary to blacken the back of 


the mirror in order to absorb this elliptically polarized 
component. That is the scheme that I have used in the 
apparatus I have built: one blackened mirror set at the 
polarizing angle to produce polarization and another 
similar mirror set at the same angle to act as the 
analyzer. The analyzer acts as an interpreter for the eye. 
The eye cannot tell the difference between ordinary 
light and light that is polarized. Plane polarized light 
is analogous to a violin string vibrating in a plane. If 
we cut a slit in a piece of cardboard, we can place that 
slit over the vibrating string in such a manner as not 
to disturb or affect the vibration. Rotating the slit 
through 90 deg. will stop the vibration completely and 


* it is in this manner that. the second mirror functions. 


With the apparatus properly set up all light will be 
stopped at the second mirror. If we insert between the 
first and second mirror mechanisms that will rotate 
the plane of vibration of the polarized light, the second 
mirror becomes partially ineffective and our interpre- 
tation of the resulting phenomena gives us information 
about the mechanism we inserted. This brings us to the 
second part of this discussion. 

Isotropic media, such as bakelite, celluloid, some 
jellies, glass, exhibit double refraction when stressed. 
The optical constants that govern this double refrac- 
tion vary from point to point in the specimen in pro- 
portion to the principal stresses at the point under 
consideration. It is as simple as that. All we have to 
do now is to interpret the stress distribution in terms 
of the pretty colors and black patches properly manipu- 
lated will enable one to plot a map of the principal 
stresses throughout the structure under consideration. 
The fact that optically we can only measure the dif- 
ferences of the principal stress within the interior of 
a specimen complicates the situation somewhat. At the 
boundaries, however, we can have no normal stresses 
and therefore measurements at points along the edge 
give at once in a straightforward manner the stresses 
we are seeking. Taking into consideration the fact 
that most of our design mistakes are made at the 
boundaries of a structure and the fact that in most 
structures the maximum stress occurs at the bounda- 
ries, the experimental technique for practical results 
becomes very simple. Ninety per cent of the informa- 
tion concerning a structure’s maximum stress can be 
had in a few hours with this apparatus: the last 10 
per cent may take some months to accumulate, what 
with lateral measurements of change in thickness and 
line integrals involving radius of curvature. And when 
you are all through you put in a bigger radius. That’s 
the only remedy for these points of maximum stress. 

This whole subject of photoelasticity is an extremely 
powerful engineering tool. You are dealing with funda- 
mental stresses in a basic manner. The assumptions 
which underlie all engineering formulas, and, in most 
cases, invalidate them, are not present. The apparatus 
I have described is not all that could be wished for 
from the viewpoint of an academic research worker, 
but for an engineer it is a quick and positive method 
for locating. the points of maximum stress and for 
checking a proposed remedy for any discrepancy. As 
such it is pretty inexpensive insurance against those 
failures that determine the ultimate cost of your struc- 
tures. There are some illustrations in my paper show- 
ing the type of concentrations that exist around an 
undercut weld. Undercut welds are sloppy looking; 
some have said that they merely cut down the working 
cross-section of the metal. Figs. 6A, 6B, 6C, show con- 
centrations at these undercut points that measure a* 
high as 4 to 5 times the value of the average stress. 
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And to cap the whole picture, right at that point we 
have overheated grains with a possible sorbitic struc- 
ture, a combination whose fatigue strength is disgrace- 
fully low. Is it any wonder that “breaking alongside 
the weld” is a stock phrase with even the children of 
the country? (Applause.) 

MR. BIBBER: I want to bring out the fact that his 
apparatus is merely two mirrors in a wooden box; a 
very simple, cheap apparatus that any of us could make. 
I would like to ask him if he departs from the plane. 

MR. CHAPMAN: This procedure is limited to plane 
two dimensional figures. The color phenomena I men- 
tioned before is one of interference of light in which 
the thickness of the celluloid is a factor. With 
changes in thickness of the celluloid the interpretations 
of these colors would become difficult if not impos- 
sible. 

MR. VOGEL: Mr. Chapman has placed in our hands 
very valuable information. This tool is so extremely 
valuable that it is not only worth while knowing its 
approximate cost but also having diagrams and suf- 
ficient information so that others can build and use the 
equipment. Mr. Chapman, will you please tell us ap- 
proximately how much the equipment costs and whether 
it is difficult to learn how to use it? 


MR. CHAPMAN: After my first requisition for 
$4,000 for prisms, optical train and accessories was 
turned down, this mirror apparatus was built for about 
$2, which went through petty cash. The apparatus 
itself is not hard to construct and one could spend the 
rest of his life playing with it. I have found it most 
stimulating. You do not deal with simple tensions and 
compressions, you deal with the principal stresses as 
they actually exist in a particular configuration. All but 
the simplest cases of loaded beams are impossible of 
calculation; while the experimental attack opens a 
tremendous field for the engineer. Nothing in my past 
experience has opened my eyes to the danger of apply- 
ing assumptive formula as much as has this matter 
of photoelasticity. 


MR. VOGEL: If Mr. Chapman could give us a gen- 
eral idea as to the approximate cost of the equipment, 
I am inclined to think he would have many cooperators 
in his investigations. I am sure the equipment could 
be applied to the study of welded connections of all 
types. It could also be applied to the study of irregu- 
larly placed welds and to verify mathematical solutions 
by comparison with experimental data. 


MR. E. D. DEBES (Bethlehem Shipbuilding Corpora- 
tion): Our first experience with polarized lights was 
in connection with the flying deck on the Airplane Car- 
rier Lexington. The section of the deck under consid- 
eration was about 400 ft. long by 90 ft. wide. Several 
large openings for elevator well, hatches and smoke- 
stack were cut through this plating. In order to find 
the extent of intensified stresses around these open- 
ings, a model of the deck was made of celluloid on 4 in. 
scale. The material was thick enough to allow for 
milling to the right thickness in way of doubling plates, 
ete. All openings were also cut out by milling. The 
milling was done by a watchmaker in Cambridge, and 
was done under water in order to avoid stresses in the 
material. 


The experiments with polarized light were carried out 
by the Massachusetts Institute of Technology. 

When the first model was tested, serious intensifica- 
tions of stress were indicated at the corners of openings 
and in way of termination of doubling plates. The 


design of the deck plating was revised to provide larger 
radii at the corners of the openings, and doubling plates 
were rearranged so as to have tapered terminations. 

A new model was made in accordance with the revised 
plan, and conditions were found to be very much im- 
proved. By some minor modifications practically all in- 
dications of intensified stresses were eliminated. 


About ten years prior to this and before we had any 
knowledge of the use of polarized light for investigat- 
ing stresses, a similar problem was encountered in con- 
nection with the Argentine battleships built at the Fore 
River plant. The upper decks of these vessels consisted 
of 1% in. nickel steel, the section to be investigated 
being about 300 ft. long by 80 ft. wide. Through this 
deck a great number of openings were cut for engine 
skylights, dynamo room skylights, companion hatches 
and barbetters, for which compensation in the form of 
heavy doublers had to be provided. A model of this deck 
was made of a sheet of live rubber on 44 in. scale. Open- 
ing were cut through the rubber and the doublers were 
made of strips of rubber cemented on. The whole sheet 
of rubber was ruled off with ink in both longitudinal 
and transverse directions, the lines being about % in. 
apart. A clamp, the whole width of the rubber sheet, 
was fixed at each end of the sheet. By securing one 
clamp and applying force to the other the effect of the 
stresses in way of openings in doublers was clearly 
indicated by distortion of the lines ruled on the surface 
of the rubber sheet. By changes in the openings and 
rearrangement of doublers the distortions were grad- 
ually worked out. 


While the above method used for the Argentine bat- 
tleships gave fairly satisfactory results, it was neces- 
sarily crude and unreliable in comparison with the 
splendid results obtained with the polarized light used 
for the Airplane Carrier. 


MR. LLEWELLYN: I recall the pictures that Mr. 
Male exhibited two or three years ago showing photo- 
elastic examination of certain forms of welded joint, 
and there a difficulty that has been already voiced was 
brought out, viz., the making of an examination in three 
dimensions. The joints in question were joints of a lap 
nature, in which certain elements were deformed in one 
direction and certain elements in another direction. Mr. 
Male and his associates very ingeniously minimized the 
difficulty by cutting out portions of those parts whose 
stress was in the opposite direction, so as to get pretty 
near the equivalent of a planar specimen. The photo- 
elastic views that he showed indicated stress of a very 
definite nature. Then the following year some quite 
precise strain measurements were made at the Univer- 
sity of Pittsburgh. Those measurements showed con- 
clusively that the results that had been indicated in the 
photo-elastic views were borne out by the tests made by 
strain gauge measurements. But I want to emphasize 
the difficulty of applying the photoelastic method to 
joints where stresses act in opposite directions. You 


have got to do something in order to eliminate the op- 
posing stresses. 


MR. C. H. JENNINGS: In line with the discussion 
on photo-elasticity I would like to mention that I have 
in my possession a motion picture on photo-elastic tests 
of gears. If a motion-picture camera is available, and 


the members are agreeable, I will be glad to show this 
film. 


The gear film which I am going to show was made 
primarily for demonstration purposes. This film will 
show the high stress concentrations present at the point 
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of contact of the teeth and at the fillets at the base of 
the teeth. The engagement point, the disengagement 
point, the line of contact and the pressure angle of the 
gears will also be clearly shown. 

The dark appearance along the edges of the gear 
teeth are caused by residual stresses which result from 
machining the gear models. 

The gears were not overloaded: ~ Had they been over- 
loaded, yielding would have occurred in them. Exam- 
ination of the film, however, indicates that no such 
yielding occurred. 


MR. REINHARD reads prepared paper on “Welding 
of Galvanized Steel” or “An Improved Product by 
the Use of Bronze Welding.” 


MR. E. A. DOYLE (Linde Air Products Co.): I 
think I may be able to throw a little light on that sub- 
ject, as a concern with which I was at one time con- 
nected, experimented in just such a way as Mr. Bu- 
chanan has suggested. 

We were manufacturing some rather large all- 
welded acetylene generators upon which the Under- 
writers’ requirements called for galvanizing. Our 
method was to weld ordinary mild steel shell of the 
proper form and dimensions and then send it to the 
galvanizing plant, but this eventually proved to be 
very unsatisfactory from the standpoint of cost, for 
the reason that, after the material was galvanized, the 
cost was based upon the total weight of the shell, or in 
other words, in order to cover the cost of galvanizing 
a seam approximately 6 ft. in length, we were called 
upon to pay at the rate of about a ton of metal gal- 
vanized. This cost added to the necessary prepara- 
tion, such as the filling of all threads with carbon 
paste to protect them from the spelter, the subsequent 
removing of the paste, the hauling to and from the 
galvanizing plant, overhead, etc., to such an extent 
that the method was entirely out of the running. As 
you can readily see, this was purely a question of cost 
rather than a selection of possibly the simplest 
method. 

MR. T. W. GREENE (Linde Air Products Co.) : It is 
very interesting to note in Mr. Reinhard’s paper his 
experiences with the use of bronze welding of gal- 
vanized steel, particularly in regard to resistance 
of such joints against corrosion. The condition of 
service of these generators, as they are buried in va- 
rious soils throughout the country and are operated 
with water having a wide range of corrosive action, 
is very severe, but yet there has been no indication 
of any accelerated corrosion due to the galvanic action 
of the dissimilar metals, bronze and steel. 

This question of corrosion of dissimilar metals is of 
paramount consideration in the bronze welding of 
steel or cast iron. The usual accepted theory in the 
past has been that there is an electric potential exist- 
ing in such joints and that corrosion would be acceler- 
ated by the galvanic action. Although corrosion is a 
highly controversial subject, it is interesting to note 
that when bronze welding cast iron or steel no cor- 
rosion has been noted at the joints. An interesting 
illustration of whether corrosion occurs at contacts of 
such dissimilar metals is the case of the battleship 
Maine. An examination of this ship after raising, 
containing as it did numerous examples of contact 
of brass and copper fittings with steel and cast iron, 


~SPaper published in October, 1981, issue Journal of the A. W. S. 


showed no evidence of galvanic corrosion. When the 
use of bronze welding for pipe was first introduced it 
was strongly contended corrosion would occur at the 
joint. Proof to the contrary has led eminent authori- 
ties on corrosion to materially modify their theory in 
regard to such matters. 

Examination of bronze welded lines in service for 
several years has shown no evidence of accelerated 
corrosion of the joint, although in some cases of 
buried lines protective coating or paint applied in 
anticipation of possible trouble has entirely deterior- 
ated. 

I would like to ask Mr. Reinhard whether in estab- 
lishing the highly productive application of bronze 
welding there is any particular problem involved in 
the training of the welders and also whether any pro- 
visions are made in the way of protection to the work- 
men by removing zinc fumes evolved either from 
welding or from melting the galvanizing. 

MR. J. J. CROWE (Air Production Company): As 
I see it, you have to protect % in. adjacent to the 
weld with protective paint. Why can’t you protect the 
whole just as easily with protective paint and thereby 
do away with galvanizing. Our own practice is to do 
the welding first and galvanizing afterward. 

MR. REINHARD: As to the training of welders 
we have no trouble in that respect. The labor market 
in the locality where our factory is located affords 
workmen who are above the average in intelligence. 
These men, regardless of whether they have ever 
handled a blowpipe or not, become proficient in their 
work within two weeks, during which time they are, 
of course, given the necessary instruction. You 
should not infer that they become proficient all around 
welders in two weeks. They do, however, become pro- 
ficient in bronze welding the particular joint or seam 
assigned to them in the production layout. 

The question of the fumes resulting from the bronze 
welding of the galvanized sheet metal used in the 
generator just discussed was investigated thoroughly 
by competent medical authorities, and they agreed 
that the small amount of zinc fumes created would be 
adequately taken care of in simply diffusing the 
fumes by blowing them away from the operator by 
means of high pressure air. You will recall that I 
have already stated that in welding with the new High 
Strength Bronze Welding Rod, there was a notable 
freedom from boiling and fuming of the weld metal. 

A MEMBER: You might think the Welding Com- 
mittee is using bronze welding in all true sense of 
the word “welding.” That is why I would like to 
emphasize the word “brazing.” 

PROF. C. A. ADAMS (Harvard University): May 
I add a few facts which may be helpful in formulating 
definitions in this field. When two closely fitted 
pieces of steel with a little powdered copper around 
the edges of the joint are placed in a hydrogen fur- 
nace at a temperature sufficient to melt the copper 
but not the steel, the copper flows in to the joint and 
establishes a bond which has a strength equal to that 
of the steel rather than that of the copper. 

There appears to be an actual molecu!ar bond be- 
tween the two steel surfaces, but this type of bond 
can only take place when the steel surfaces are no 
separated by more than 0.002 of an inch. This is 
known as a copper-hydrogen braze, the function of th« 
hydrogen being merely to prevent oxidation and to re- 
duce such oxide as may already be present. If, how- 
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ever, the gap between the steel surfaces be appre- 
ciably larger than the 0.002 in., the joint will be like a 
soldered joint with an actual layer of copper between 
the two steel surfaces, and a strength no greater than 
that of the copper. There is thus a marked difference 
between these two types of joints and the definitions 
should be made to distinguish clearly between them. 

It may be interesting also to note in this connec- 
tion that two pieces of iron with their surfaces ac- 
curately fitted and under a moderate pressure when 
placed in a hydrogen furnace for several hours at a 
bright red heat will actually weld together in spite 
of the fact that the temperature is below that of even 
the plastic stage. It appears that the forces involved 
in the crystal structure of the metal are unbalanced at 
the surface and that even at such relatively low tem- 
peratures seek equilibrium by knitting together to form 
a continuous and homogeneous structure. 

MR. CARTER: I think I can say a little on that 
point in considering the subject of repairing cast 
iron. Today a very large percentage of cast iron re- 
pairs are made with bronze because it eliminates the 
preheat, and bronze takes care of locked-up stresses 
and many things of that kind. The amount of bronze 
that is put into the repair sometimes runs into a quar- 
ter of aton. It is put in there just exactly like a cast 
iron metal would be put in. The brazing operation is 
generally understood as being a film of copper bronze 
and brass so that materials over-lapping are prac- 
tically cemented by the brazing material. The braz- 
ing seems to be one thing and bronze welding seems 
to be an entirely different thing. When you put on a 
mass of metal it is put on with a separate and dis- 
tinct rod instead of being dipped, it takes on the 
order of a welding operation. 


MR. R. A. WEINMAN read prepared paper on “Fa- 
tigue Properties of Welds.”* 


A MEMBER: Some time ago I had occasion to re- 
pair a shaft of commercial cold-rolled steel that had 
been worn because of a bearing becoming loose. This 
shaft had been satisfactorily carrying the load up to 
the time it was repaired by welding. Only a thin layer 
of weld metal was added to bring the shaft up to its 
original diameter. 

After welding, the shaft was again machined to the 
proper diameter and replaced in the machine. This 
shaft only rotated a few revolutions before it failed by 
breaking off. I would like some solution of this. 

MR. C. H. JENNINGS: The exact explanation of 
this particular failure is difficult to state without know- 
ing the full details. If the shaft had failed after sev- 
eral hours of service, instead of only a few revolutions, 
it could be explained by the relatively low endurance 
limit of the added weld metal. From the conditions 
presented, however, it appears that a fatigue crack was 
already present in the shaft before it was repaired by 
welding. The process of welding probably caused this 
crack to progress, and when the shaft was placed in 
service again it Was too weak to withstand the work- 
ing loads. 

In connection with the general subject of fatigue of 
welds, the Westinghouse Research Laboratories have 


*Paper published in the October, 1931, issue Journal of the 
A. W. 8. 


1R, BE. Peterson and C. H. Jennings on “Fatigue of Weld Metal,” 
presented before A.S.T.M. in Chicago, 1931 


recently completed a large series of tests on weld metal 
deposited with uncoated electrodes’. These tests were 
made on l-in. diameter cantilever type specimens, and 
included machined weld metal, rough (not machined) 
weld metal, and peened weld metal. The not-machined 
type of test specimen was developed at the Westing- 
house Laboratories. The reduced section of this type 
of specimen is formed with a large radius so as to elimi- 
nate any stress concentration resulting from specimen 
design. A photograph of the critical sections of the 


‘ 


Fig. 1—A—Rovgh Weld Metal; B—Peened Weld Metal 


not-machined and peened weld metal specimens is shown 
in Fig. 1. 

The results of these tests, as obtained from 1-in. 
diameter specimens, may be listed as follows: 


1. The direction of deposition of weld metal does not have 
a large effect on fatigue strength as obtained from ma- 
chined and polished specimens. Endurance limit of 
machined weld metal is about 12,500 Ibs./sq. in. 

2. Rough (not-machined) weld metal has a higher endur- 
ance limit than machined and polished weld metal. En- 
durance limit of rough weld metal is 15,300 lbs./sq. in. 

3. Peening increases the fatigue strength of rough weld 
metal. Endurance limit of peened weld metal is about 
20,400 lbs./sq. in. 


4. Peening the outer layer only is as effective from the 


standpoint of fatigue strength as peening each layer 
successively. 


The only apparent explanation for the increase in 
endurance limit as obtained from the not-machined 
specimens is that the characteristic “pin holes” always 
present in the body of manually prepared welds made 
with uncoated electrodes are not apparent on the rough 
surface. The increased fatigue strength as obtained 
from the peened welds is undoubtedly the result of the 
cold working of the surface layer. 

A MEMBER: Was there any heat treatment? 

MR. JENNINGS: None of the specimens in the tests 
just discussed were heat treated after welding. 

MR. J. C. LINCOLN (Lincoln Electric Co.): I would 
like to inquire why the samples were made so that they 
were tested when held in the revolving fixture at one 
end only. I would like to have explained a little bit 


more about why it was done this way. 
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MR. R. A. WEINMAN (General Electric Co.): We machined) and peened specimens were not machined 
had the machine in our factory there. It wasn’t con- after they were welded. From the limited information 
venient to do the work there, to carry it on and finish available on tensile tests of peened welds it appears that 
it, and because I had only a very short time to com- peening does not greatly effect their tensile properties. 
plete the tests. So I don’t know much about that. Is We have not made any fatigue tests on specimens that 
that cantilever anything special? I have seen it in were machined first and then peened. 

a good many places. In most cases I believe the two MR. VOGEL: Any little scratch or mark on the sur- 
bearing specimen is used. face of fatigue specimens will promote early rupture. 

MR. LINCOLN: Is there any difference in other MR. JENNINGS: That is the generally accepted 
types of fatigue machines which require larger types theory of the effect of stress concentrations on the 
of specimens? fatigue strength of metals. 

MR. JENNINGS: I think I can answer that. A year | A MEMBER: I have just finished a series of tests 
ago this month one of our men presented a paper on on peening. In these tests some specimens were peened 
size effect on beam tests. He made tests of specimens immediately after welding, some were allowed to cool 
ranging in size .05 in. in diameter up to 2% in. He for 1% min. before peening, and some were allowed 
found on ordinary steels, like hot rolled steels exclud- to cool for 3 min. before peening. It was found from 
ing weld patterns, there was no difference in result these tests that the specimens peened immediately after 
obtained from small and large specimens or from welding were not as strong as those that were allowed 


beam and cantilever type specimens. to coo! for 3 min. before peening. 
A MEMBER: The specimen is welded and then MR. JENNINGS: The tests described were made on 
turned out as shown in Fig. 1? weld metal (not butt welds) manually deposited by 


MR. JENNINGS: The surfaces of the rough (not- using uncoated electrodes. 


THURSDAY MORNING SESSION we use is 600 deg. Cent. (1112 deg. Fahr.) which gives 
sale us strain relief to such an extent that we are never 
J. J. Crowe, Pressing bothered with cracks. 
MR. C. H. JENNINGS read prepared paper on “The CHAIRMAN CROWE: The encouraging thing about 
Relief of Welding Strains by Annealing.”* Mr. Jennings’ work is that he covers the subject well 


3 and has evaluated the factor of time in ageing. I should 
. MR. PERRY CASSIDY (The Babcock & Wilcox rather imagine that this ageing goes on at room temper- 
Company): In completing the revision of the Code for ature, but that the effect of room temperature would be 
Unfired Pressure Vessels and Power Boilers, the Boiler ..thor small. 
Code Committee of the American Society of Mechanical MR. BEVERT: I am wondering why Mr. Jennings 
Engineers gave careful consideration to this question did not continue his investigations to temperatures as 
of proper annealing of welded structures to relieve low as 500 deg. Fahr. In many jobs, the question of 
stresses. It is gratifying to know that the decision of scaling is as important as the auestion of ‘warping 
the Committee is directly in line with the results given Because of this point, it is often desirable to La Sal 
in Mr. Jennings paper. , ae at temperatures as low as possible. 
In arriving at the requirements for stress-relieving, MR. C. H. JENNINGS: The primary purpose of the 
t work on annealing was to obtain information on anneal- 
They also communicated with the Metallurgical Depart- ing temperatures that are being used at the present 


. : time (1000 deg., 1100 deg., and 1200 deg. Fahr). It 
might be desirable in the future to make tests on an- 


As a result of these opinions, the decision was made — 800 
to require annealing at 1200 deg. Fahr. for one hour per on tem mal 
inch of thickness, provided this temperature did not ti 
result in too much distortion of the vessel. A minimum 
temperature of 1100 deg. Fahr. is required in any case the tensile properties of steel increase up to temper- 
Mr. Jennings’ paper indicates that this would result in no 
an average residual stress of 2000 Ib. per square inch CHAIRMAN CROWE: I thi “er el ae . 
for 1260 deg. Fahr., and 3400 lb. per square inch for pra: ‘ Ink It would be of aca- 
1100 deg. Fahr. stress relieving. The actual residual of one 
stresses in practice will probably be less than these fig- the We could then plo 
ures due to the effect of creep during the longer period againet » Ass curves and obtain a curve of temperature 
required to bring a full size vessel up to the desired . ‘ , 
temperature and the period during which the vessel 8. 8. SCOTT (New York Navy Yard): With refer- 
cools down to room temperature. ence to the ‘author’s paper it might be of interest to 

MR. N. L. REED (Watertown Arsenal): I agree with know of the possibility of securing results by a dif- 
Mr. Jennings and Mr. Cassidy in that at the Watertown ferent method. The author has used for his results 
Arsenal we give all our welded structures a low tem- the standard stress strain specimen. The first thought 
perature anneal. It has been our standard practice for which occurs to the engineer in the stress-strain 
two and one-half years. While I believe Mr. Jennings’ ‘P®¢!men Is what happened to the internal stresses 
work was on carbon steel ours has been mainly on struc- locked up in the steel plates by welding along their 
tural nickel steel (0.35 C, 3.50 Ni.). The temperature a ; 
~*Paper published in the September, 1931, issue Journal of the onl ‘ant ee standard specimens show and chec 

Ww. Ss. y the outer surfaces of the steel plate runnins 
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parallel with the thickness of the plate. Exreriments 
which we have previously carried out were made with 
the gauge marks on the cross-section of the plates 
and weld. By this latter method one can readily check 
the stresses thru the cross section of the plates and 
weld. The final gauge marks upon the cooling of the 
weld will form a V with the apex of the V being 
nearest the weld. 

Tests which were previously run showed very little 
difference in results from those of the author’s. 
These tests were made upon medium carbon steel 
plates which have a tensile strength of 60,000 Ibs. 
per sq. in. Annealing temperatures of 800°, 900° 
1000°, 1100° and 1200° F. were used. On all the tests 
made at the above annealing temperatures, it was 
readily proven that welding stresses and residual 
stresses could be reduced. 


MR. A. M. CANDY (Westinghouse Elec. & Mfg. Co.) : 
It almost seems presumptuous for me to make any re- 
marks on Mr. Jennings’ paper because he and his asso- 
ciates did all the work, and all I do is to talk about it, 
and try to pass it on, and once in a while suggest a 
problem for them to work on. It seems to us, however, 
that those of you who are interested in manufacturing 
of structures which involve rigid connections in which 
appreciable residual stresses may develop should be very 
much interested in the facts presented this morning. 

In our machinery design particularly we have run 
into a great many problems of residual stresses which 
have been given a great deal of study. From these 
studies new designs have resulted which represent in 
many cases quite radical departures from our practice 
of a few years ago. 

Mr. J. C. Lincoln in his remarks a few minutes ago 
stated that we cannot anneal a building structure. I 
am wondering if we should not add a few words to that 
statement and say we cannot anneal a building in any 
existing furnace. I am questioning however if it would 
not be possible to local anneal welded joints by means 
of gas torches and obtain some beneficial results. It is 
probably true that such local annealing would not be as 
effective as furnace annealing. However, I feel that 
here is a field which should be investigated. 

In closing I wish to point out that annealing tem- 
peratures appreciably above those mentioned by Mr. 
Jennings today were tried out in our investigational 
work. We found however that temperatures which 
would produce weld metal grain refinement were high 
enough to cause troubles involving distortion of the 
structures in some cases sufficient to crack the welds. 
It soon became quite apparent that such procedure was 
not economical. Furthermore, in the case of the mild 
steel used in such construction, grain refinement is of 
very little if any value. 

There are applications however where temperatures 
sufficiently high to produce grain refinement are not 
only justified but are necessary from every economic 
standpoint. An example of such a case is that of build- 
ing up fits for heat-treated piston rods for steam loco- 
motives. If these are not properly heat treated after 
welding they will eventually fail in service. 

MR. JENNINGS: The addition of the final layer of 
weld metal: would have a beneficial effect in that it 
would refine the grains of the previous layer. The re- 
sidual stress obtained, however, would probably be 
greater than it would have been if the last layer had 
not been deposited, because, to a certain extent, the 
residual stress obtained is a function of the quantity 
of weld metal deposited. 


WRITTEN DISCUSSION 


MR. W. L. WARNER (General Electric Company) : 
The writer was not present when this paper was pre- 
sented but after reading the paper and studying the 
results obtained it is apparent that Mr. Jennings has 
performed a very interesting and instructive piece of 
work. No explanation was given as to the manner in 
which the welding was done, such as, number of layers 
and their sequence of application and it is conceivable 
that the contraction stresses may be dependent on this 
procedure. The test results show that an annealing 
temperature of 1100 deg. Fahr. is sufficient to almost 
completely eliminate the stresses and strains set up by 
the welding operation, when the structure is soaked 
from 1% to 2 hours per inch of thickness. 

It is probably unfair to criticise or comment upon 
tests of this sort on the basis of questions or conditions 
outside of the scope of the tests and which were ad- 
mittedly not included by the author in his investigation, 
but this question of “residual” or “locked up” stresses is 
of such interest and importance to the welding profes- 
sion that one can hardly refrain from making sug- 
gestions. 

The amount of stress indicated by the strain gage 
readings seems somewhat dangerous and might possibly 
lead to serious consequences if encountered to the ex- 
tent indicated in an actual structure. A question arises 
as to whether the results indicate what actually occurs 
when a butt weld is made of sufficient length and under 
such conditions of joint rigidity as to encounter the 
effects of expansion and contraction in the three direc- 
tions, i.e., normal to the axis of the weld in the plane 
of the plate, perpendicular to the plate, and longitudi- 
nally in the weld and plate. An analysis of the stresses 
set up in a rigid type butt weld of some length, includ- 
ing their location, intensity, and direction, is an ex- 
ceedingly complicated study and perhaps cannot be accu- 
rately made. 

When test specimens are made from a butt weld 
which has not been strain relieved by heat treatment 
or otherwise the very act of machining removes the 
stresses “locked up” along the joint to a considerable 
extent. Therefore the net effect of these stresses is not 
definable by physical tests. 

However, an anneal of the weld at 600 deg. C. or 
1100 deg. F. may, and usually does, change the loca- 
tion of the fracture from the plate perhaps at a distance 
from the weld to the fusion zone alongside the weld or 
to the weld itself and the strength of the joint may be 
reduced from 2 per cent to 10 per cent, depending on 
the nature of the weld metal. Usually the ductility of 
the joint is slightly increased. 

The writer is of the opinion that the composite result 
of the stresses set up in a butt weld of some length may 
have the effect of reducing the net resultant stress to a 
value somewhat below that indicated by Mr. Jennings’ 
tests. 

MR. OWENS: The principal value of Mr. Jennings’ 
paper lies in the quantitative results obtained. I have 
observed in tests conducted by me that there is a differ- 
ence in the residual stress produced by bare and cov- 
ered electrodes and would suggest to Mr. Jennings, or 
some other investigator, that Mr. Jennings’ tests be 
duplicated with different welding processes, filler metals, 
and even base metals. For example: covered electrodes ; 
the shielded metal arc; the shielded carbon arc; the 
atomic hydrogen flame; gas welds with ordinary low 
carbon steel rods, and rods producing welds of high 
tensile strength and ductility; welds with the new Linde 
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process and wherein a carbonizing flame is used; and 
thermit welding; finally, base metal having a high 
carbon content and when the weld is of good tensile 
strength and low ductility, also of high tensile strength 
and high ductility. Such a series of tests, while exten- 
sive, will furnish excellent information. We also need 
similar quantitative data for fillet welds, preferably in 
comparison with butt welds. 


MR. FRED MAUERER reads prepared paper on 
“Welded Pipe and Fittings on Heating Installations.” 


MR. MAUERER: (Insert) After the words in the 
second column on page 7 of the September JOURNAL, 
“Several examples of such fittings are illustrated in 
Fig. 3,” the following: 

“We want to say at this point that welding fittings 
will always be fabricated on the job with the oxy- 
acetylene torch through necessity on maintenance work 
or sudden decisions on change of pipe direction when 
distance or time prevents the use of standard welding 
fittings. It is our recommendation that standard weld- 
ing fittings now competitively on the market should 
preferably be used on all piping installations whenever 
it is possible to do so. Their use is a distinct economy.” 

(Insert) On page 9, first column, of the September 
JOURNAL, under “Fabrication of Headers,” between sec- 
ond and third paragraphs: “What we have just read 
should in no way be interpreted to mean that we are at- 
tempting to take sides in labor organization principles 
or rulings by any one present.” 

S. S. SCOTT (New York Navy Yard): The paper 
presented upon the training of welders is of interest 
to all of us present this morning as we are more or 
less responsible for the future use of welding. The 
importance of training welders in accordance with 
the practices as laid down by this Society and those 
recently installed in the many manufacturing plants 
employing welders cannot be too strongly empha- 
sized. 

Numerous books and papers have been written and 
can readily be purchased upon the subject of train- 
ing the present day welders, but there is one thought 
that should be emphasized and that is to constantly 
keep the welders informed of the latest method being 
used outside of your own plant. In other words, when 
welding was first started, there were no automatic 
welding machines on the market, but today nearly 
every engineer in charge of design is endeavoring to 
design his product so that the automatic welder can 
be used. This will mean less cost and higher pro- 
duction. 

Welders should be trained for speed with the use 
of higher currents and larger electrodes wherever 
possible using the step-back method of welding to 
prevent warping. One of the great faults in some 
welding schools is not to check the welders’ work with 


gauges. When a welder is told to make a 4-in. fillet 


weld he should be checked afterward with a %%-in. 
gauge. This procedure will produce in time a welder 
who will know exactly the strength the weld should 
withstand and be in accordance with the designing 
engineers’ drawings. 

A great fault in some welding schools is to employ 
an instructor who is only qualified as a welder and 
not as a teacher in the various problems confronting 
the welding field, such as the use of the proper weld- 
ing currents, care and functioning of the welding 


sets, cleanliness, spacing, beveling, grounding the 
work properly, polarity, gripping the electrode posi- 
tion of the electrode, using the proper type of weld- 
glass and shield, proper protection to be afforded 
all other workmen from the direct rays of the arc, 
length of arc, feeding the electrode, restarting a bead 
and in general the characteristics of the bead. 

MR. MAUERER: As to Mr. Scott’s remarks that 
welding instruction of four, six and eight hours’ dura- 
tion is far better for the student than one of two hours’ 
duration, but in the training of plumbers and steam- 
fitters in pipe welding this is not possible because these 
men can only attend welding classes at night and it was 
necessary that we fit our course of instruction to meet 
the demands made upon us, which are two hours per 
night. It would not be possible for these men to attend 
day classes. 

Regarding the question of icicles on inside of welded 
pipe, this can be completely eliminated if, as we said in 
our paper just read, proper lining up, spacing and tack- 
ing is observed and a competent welder is on the job. 

MR. W. C. SEARLE (Leland Gifford Co.): In house 
heating installations what is the relative cost between 
welding and screw fitting. Which is the cheapest, an 
installation in a bungalow with rooms all on one floor, 
or a two-tenement house where there are risers? 

MR. MAEURER: There are no comparative costs 
available for publication on relative costs of pipe in- 
stallations in the small house of oxyacetylene versus 
screw fittings at this time, due to inability to get con- 
tractors to release such figures but some will be avail- 
able shortly. We can say that contractors report that 
a welded installation is the most economical and the 
home-owner reports that he has a more permanent one. 

L. R. GURLEY (Editor Welding): On training of 
welders, especially with reference to pipe welders. I 
receive a large number of requests over my desk as to 
the proper schools I can recommend for the training of 
student welders. The problem I have to meet with is to 
sincerely and conscientiously recommend a school where 
I feel a student can obtain the kind of training I think 
a student should receive in a welding school. I have 
traveled around the country a great deal during the 
present year during which time I made a particular 
study of welding schools from Coast to Coast. I have 
found that so many schools are not qualified and justified 
in inducing students to come and take their courses 
because of the lack of equipment and the lack of proper 
instructors and properly prepared lesson sheets. The 
only contention I have is that some means should be 
taken to classify welding schools throughout the coun- 
try so that when a student requests advice as to a good 
welding school, we can recommend a school in New En- 
gland or Ohio or any other place in this country and 
say: “You can go there and spend your money safely 
for you will receive a thorough course in the art of 
welding.” 

The requests that I have received lately include mostly 
two general branches of welding. First: to become a 
welder qualified to work on structural buildings; sec- 
ond: to learn the art of pipe welding. In the Eastern 
part of the country and in Western Pennsylvania, sev- 
eral pipe lines have gone through that have aroused 
the ambition of young men to become welders. Many of 
these men called at my office and wanted to know where 
they could receive a thorough course on pipe welding. | 
generally refer them to the manufacturers of welding 
equipment who are in a position to recommend a good 
school. Why do I do this? Because there are very few 
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welding schools in the country today which I can hon- 
estly recommend to a student. I think some action 
should be taken to qualify welding schools, so that they 
would have a definite rating which would aid a prospec- 
tive student in selecting a school in his own territory. 

Mr. MAEURER: As to Mr. Gurley’s remarks, we too 
have found a great many schools all over the United 
States teaching welding who were not qualified or justi- 
fied to give welding instruction, but if these schools 
were analyzed, which we did, it was always found that 
the course of instruction was not a carefully planned one 
or a predetermined one, but was operating on a hit or 
miss basis and only proves that you cannot teach anyone 
more than you yourself know. 

MR. KANDEL: I am heartily in favor of develop- 
ing good welders in the steamfitting trade and approve 
of the efforts described by the speaker along the lines 
indicated. It appears to me, however, that the method 
used has not resulted in developing welders sufficient- 
ly trained and qualified for immediate employment in 
the steamfitting trade, and that is what is needed to- 
day. 

Only qualified welders should be employed in pipe 
welding and all training of present steamfitters must 
be such as to produce men of that calibre. 

To arrive at this much desired result the following 
factors must be taken into consideration: 


1. A school is not the best place for making good welders 
out of an experienced steamfitter, because he considers 
himself a full-fledged mechanic and dislikes the idea of 
returning to school. 

2. An instructor who is not a qualified steamfitter is not 
the best type of man for directing the training, as he 
may not find as receptive an attitude in conducting the 
course. 

3. School training alone, however extensive, is not adequate 
to produce qualified welders. 

4. Excessive amount of theory and classroom discussion 
even of the practical sides of welding without a torch 
in the hands of every pupil is hardly likely to hold inter- 
est, particularly at the end of a hard day’s work. 


Recognizing the above factors it becomes compara- 
tively a simple matter to plan and organize a course 
of training and practice that will get the desired re- 
sults and this plan must include the cooperation of 
the employer of the steamfitter whom it is desired to 
develop into a qualified welder. The plan is as fol- 
lows: 


1. Teach welding in a shop, not in a school; at the work- 
bench with torch in hand, not at a desk with a black- 
board facing the men. 

2. The instruction should be given by a steamfitter who is 
a capable welder with adequate practical experience and 
who in addition has an aptitude for teaching. This is a 
rare combination, but it can be found. They will under- 
stand his language and respect him for his added accom- 
plishment. 

3. Supplement the training with shop practice carried on 
simultaneously, preferably in the shop of the employer. 
As the steamfitting trade operates on a five-day week, 
it should not be difficult to arrange with the employer 
to furnish his shop facilities on Saturday for practice 
while the steamfitter applies his time for the purpose, 
the combination resulting in mutual advantage. 


In other words, the object of this plan is to consider 
the steamfitter’s peculiar point of view; yes, cater to it, 
if you please, to get the cooperation of the employer— 
it will mean some expense to him, but a worth-while 
investment and at a lower cost than his outlay for cor- 


recting welding executed with men insufficiently trained 
—insure the steamfitter’s regularity in attendance and 
sustained interest, strengthen his confidence in himself 
with more rapid progress, encourage more of his fellow 
workers to take the training, and develop a sufficient 
number of dependable men to meet the ever increasing 
demand for welded pipe joints. 

MR. VOGEL: A discussion regarding the teaching 
of welding to steam or pipe fitters suggests the neces- 
sity of considering the industry as a whole. The piping 
industry is going through probably its greatest change 
at the present time. Good pipe fitters are available 
throughout the United States, and they do not confine 


their work solely to steam piping. In industrial and 
commercial buildings all kinds of piping are installed 
by the same pipe fitters. It is no longer necessary to 


segregate the work and ask fitters to specialize on this, 
that or the other kind of piping. In training men to 
weld pipe we should consider that change in the 
industry. 

Pipe manufacturing methods are changing with re- 
markable rapidity at the present time. We are receiv- 
ing pipe in industry with the longitudinal seams arc- 
welded or welded by other methods. And also, there 
are so many methods of welding pipes that we should 
not train welders in only one method of welding. Fur- 
thermore, we ought to equip the welding schools for 
the training of pipe fitters not only for steel piping but 
also for other forms of tubing which are now appearing 
in the market. We are already receiving copper and 
brass tubing in long lengths, and it would not be at all 
surprising to receive, within the next few years, soft 
steel tubing in long lengths. In other words, piping for 
residence and other construction will be continuous, and 
not fitted together piece by piece, as at present. 

The author of the paper referred particularly to as- 
sembly on the job. That system should be confined only 
to those joints which must be assembled on the job. It 
is well known to all who have had experience in cost 
accounting that headers and all other parts of a piping 
system should, as far as possible, be assembled and 
welded in the shop. Furthermore, in the shop all kinds 
of tools are available including automatic welding heads. 
Equipment of every kind and type, as needed for the 
particular metal being welded, can be most economically 
used in the shop. 

It is also possible, in a well-equipped shop, to make 
the various tests required. In the power plant industry, 
where pressures of 1300 or 1400 lb. per sq. in. are 
being adopted, it is becoming increasingly evident that 
all joints in high-pressure piping must be welded. If 
headers or any special parts of piping are fabricated by 
welding or any other method, they should be welded in 
the shop where hydrostatic or steam pressure of 1300, 
1400 or 1500 lb per sq. in. can be applied. There are 
many good reasons for testing by steam pressure up to 
1500 lb. for piping which must support that pressure in 
practice. There is more than pressure involved in the 
assembly of headers and special connections. Insuffi- 
cient provision for expansion and contraction has a 
very appreciable effect upon the tightness of the sub- 
assembly, and all sub-assemblies or headers should be 
thoroughly tested out before being placed in the building. 

This Society should give thorough consideration to 
educational work. It should encourage the training of 
welders in completely equipped welding schools which 
are capable of teaching the various forms of welding 
and the advantages of each form. It should also teach 
that welding is a changing process; in fact changing 
so rapidly that anything taught this year may require 
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modification or be entirely obsolete next year. In addi- 
tion, it is well to teach pipe fitters that expansion, con- 
traction, and welding accessibility are of considerable 
importance. 

One of the speakers said that in order to teach steam 
fitters it is well to use a steam fitter as the teacher. 
He is quite correct. It seems that in the building trades 
there is great resistance to the technical teacher; that 
is, a professor would be able to teach this audience, but 
he could not go among steam fitters, plumbers or any 
other trade, and be convincing to them. 

Some years ago I tried to explain to experienced 
bricklayers that the most important joint in waterproof- 
ing a brick wall was the first vertical joint inside of 
the outside face of the wall. I could not convince them 
at all and I doubt if the majority of bricklayers believe 
it today. The reason they do not believe it is possibly 
because the theory was worked out first. Of course, 
they were not familiar with the effect of water on the 
materials of construction and their combinations. 

As mentioned before, one of the preceding discussers 
mentioned that if it is desired to teach a building 
tradesman it is necessary to use a member of the build- 
ing trades as teacher if possible, and that he must have 
the combined gift of teacher and worker. In other 
words, he must demonstrate by example, because the 
mental ability of some workmen is limited. At the same 
time, it is necessary to teach certain basic principles 
thoroughly and, if necessary, in as simple language as 
possible. 

Industry is constantly in competition with new proc- 
esses and, therefore, low cost of any method is funda- 
mental. In order to obtain low costs building trades- 
men must be taught to sub-assemble parts in the shop 
and arrange for easy field assembly. We have learned 
little in the art of bricklaying since the days of the 
Assyrians, and probably little more in piping than the 
past generation if all the piping for a building is assem- 
bled on the site. Headers and sub-assemblies should be 
fabricated in the shop. In other words, every possible 
part or group should be welded together in the shop. 

It is also necessary to plan connections and position 
piping, so that every time a connection must be made a 
welder has ample access to each joint. Joints can then 
be easily inspected, and when pressure is applied, the 
piping should meet specifications. There is possibly no 
more important item before the Society than that of the 
educational work of teaching welding, but this educa- 
tional work should include impressing on the students 
the fact that new processes are being developed every 
day. 

CHAIRMAN CROWE: The hour is getting late and 
I will have to call the discussion to a close, and if there 
is time after the next paper, we will go back to the 
discussion of this paper. Without any further prelimi- 
naries it gives me great pleasure to introduce Mr. 
Inskeep. 


MR. H. V. INSKEEP reads prepared paper on “Weld- 
ing of Copper and Brass Piping.” 


MR. VOGEL: Were any of the joints tested for 
vacuum tightness? 

MR. INSKEEP: None of these joints were tested for 
vacuum. Tightness would be obtained by the welder, 
or not, according to his ability. 

MR. VOGEL: This paper appears in proper sequence 
so that. it brings out the same idea I mentioned in a 


*Paper published in October, 1931, issue Journal, A. W. S. 


previous discussion; that is, that the piping industry as 
a whole is passing through a very great change. The 
speaker did not mention the uses of copper and brass 
tubing, but when he mentioned the weiding of copper 
and brass tubing he brought to mind the fact that such 
welding is now becoming absolutely necessary. The new 
type radiator or convector is an automobile type of 
radiator set at the base of a stack. It has been found 
that brass or soft copper tubing is the ideal material 
for returning the condensation from the radiator or 
convector to the boiler. This emphasizes the need of 
teaching welders the various forms of welding needed 
for the piping industry as a whole, as a welder should 
be able to weld all kinds of piping including copper and 
brass tubing. 

We are entering an entirely new development in the 
heating of buildings. It would not be at all surprising 
to find more high vacuum heating systems installed in 
the near future, and in high vacuum systems the neces- 
sary piping, both to and from the radiators, must be 
vacuum tight. Copper and brass tubing are just about 
the ideal materials, unless a soft steel tube is intro- 
duced to the trade, for conveying steam, hot water or 
any other heating medium from boiler to radiator, and 
from radiator to boiler. Copper and brass tubing is 
also ,very satisfactory when cooling liquids must be 
carried. 

It is well known to those who have traveled widely 
in this country, that corrosion of piping causes discol- 
oration of the water in residences, hotels, and offices. 
Red water, particularly when it flows from the bath 
faucet, has been a source of annoyance and expense to 
hotel operators, and as a result they appreciate the 
value of brass and copper tubing. The speaker has 
brought out the fact that the beveling and tapering of 
tubing ends for forming joints can be done readily on 
the job. It is well, however, to emphasize the fact that 
the welding of the tubing should be a part of the pipe 
welder’s education so that he will know not only how to 
weld steel, but also copper and its alloys. (Applause.) 

MR. R. B. SWOPE (Southern Oxygen Company): I 
wish to ask the speaker what type of welding rod he 
uses in connection with brass pipe. I have had little 
experience with welded brass pipe, but suggest the idea 
that if it is difficult to expand the ends of the larger 
sizes, it might be possible to use a plain metal ring over 
the joint and weld both sides. 

MR. W. C. SWIFT (The American Brass Company) : 
We are, of course, greatly pleased that Mr. Inskeep has 
made this investigation. Our research department has 
also studied this same subject and has arrived at similar 
conclusions. To repeat somewhat of Mr. Inskeep’s state- 
ment, the copper alloy pipes now sold commonly and in 
large quantities are copper, red brass and yellow brass. 
With copper and red brass it would seem practical to 
expand one end and taper or bevel down the adjacent 
end, insert one within the other and weld with Tobin 
bronze. The joint would be a strong one and if tightly 
fitted, would undoubtedly last a long time. From a long 
experience teaching men to weld, I would think that 
most any good plumber or steam fitter could quickly 
learn to joint copper and red brass pipe as described by 
Mr. Inskeep and deposit vellow bronze, Tobin prefer- 
cds in a fillet that would make a strong, permanent 
joint. 

MR. R. A. JACK, of Domestic Engineering: Being a 
spectator I had a chance to digest, I think, the widely 
divergent views on training welders. It seems to me 
that in our industry the only way to do it is the way 
that Mr. Mauerer outlined, because fundamentally it is 


ale 28 
4 
if 
| 
! 
no 
pel 
ia 
om 
. 


1931 DISCUSSION FALL MEETING PAPERS 29 


a problem of education, and you will find, I think, that 
in the big cities you might get some cooperation from 
the contractor in establishing schools, but in the smaller 
towns that would be impossible. I heard the other day 
of a school that was being established in Reading, Pa. 
That school would be impossible if a welding school 
had to depend on the contractors in that particular 
town. Then, too, so much has been said this morning 
about welding pipe. Most of us don’t realize that pipe 
has three major sales classifications, in our plumbing, 
and in our heating, and the other industrial piping. We 
will also find that the so-called pipe fitter is the person 
who is employed in industry exclusively, and his job 
essentially is to run pipe whether it be steam or water, 
whether it be hydraulic piping or piping of other ma- 
terials, etc. Hence the steam fitter is never called upon 
to do that type of work. Neither is the average plumber 
in any industry, as exampled by the Hershey Chocolate 
Corporation where they have miles of piping, and the 
work there is done by a crew called plumbers, and if 
they were brought down to brass tacks I don’t think 
a man in the crew could do any plumbing, but it is the 
classification given in that trade in that particular plant, 
so that in this situation, in this study of instruction of 
pipe welders, we should keep those three major classifi- 
cations in mind, because in New York City, as an ex- 
ample, the plumber would not dare to touch a steam 
line. If there is an ordinary heater to be connected the 
plumber goes on the job and that is true in the ma- 
jority of the big cities. The American Federation of 
Labor has clearly defined where the plumber shall weld 
and where the steam fitter shall weld. There are well- 
defined lines already established. The plumbing and 
heating contractor is interested in welding. It is within 
the last three years anything tangible has been brought 
about in the plumbing and heating industry on the sub- 
ject of welding, and that has been due to the pressure 
from this group of men. Why should we expect to turn 
out competent welders in a plumbing and heating voca- 
tional school supported by the taxpayers; that is, a 
welder that is 100 per cent expert in welding high- 
pressure vessels? When in the normal course of his 
life he will never be called upon to do any work of that 
nature, seems to me to be ridiculous. He is never 
called upon to do it. Why teach him a lot of things be 
may never use? 

MR. MAUERER: In closing this discussion I would 
like to say to Mr. Vogel’s remarks, that all the welding 
on a piping installation is not done directly on the job 
but is, wherever possible, done in the shop probably 
months before using. While headers have been built 
entirely on the job such as shown in Fig. 16, it is not 
always economical to do so but they are fabricated in 
the shops and assembled on the job as a general rule. 


THURSDAY AFTERNOON SESSION 
F. P. McKibben, Chairman, Presiding. 
CHAIRMAN F. P. McKIBBEN: Mr. Samuelson is 
not here to read the paper as outlined in our pro- 
gram; so Mr. C. J. Thale, a member of the firm of 
Almirall & Co., will read the article on “Welding of 
Piping in New York Hospital-Cornell Medical 
Clinic.”* 
MR. J. J. CROWE (Air Reduction Company): In 
this installation I assume they are using the same 


*Paper published in October, 1931, issue Journal of the A. W. 5. 


Mr. Vogel’s thoughts that a journeyman steamfitter 
should be the instructor of pipe welding classes is sound 
and is being done wherever possible, but we do that 
not because he can teach his steamfitter students any- 
thing about piping installations, they served their ap- 
prenticeship, but because he talks their language and 
does inspire confidence in his students. With a steam- 
fitter instructor, a pipe welding course, lectures, charts, 
pipe templets that have been supplied him and with 
our National engineering service in teacher’s training 
who instruct the instructor in how to get the most value 
out of the educational data supplied his school, his 
students are assured of competent instruction. 

Mr. Kandel said it has been his experience that it is 
impossible to induce a plumber or steamfitter to take 
pipe welding lessons in a school, that they do not like 
the name school mentioned to them. This is a local 
viewpoint and is contrary to our National experience 
covering three years of extensive study on pipe welding 
classes for plumbers and steamfitters. In every city in 
the United States, coast to coast, that we visited to talk 
to plumbers and steamfitters’ unions, we find that 95 
per cent of the men we talked to enrolled in vocational 
schools for pipe welding instruction and there now are 
175 vocational schools in the United States teaching 
pipe welding to plumbers and steamfitters. 

As to Mr. Kandel’s remarks that the heating con- 
tractor should teach his men pipe welding instead of 
a vocational school can only say that would be an ideal 
situation, but you would have to find such a contractor 
first. He would not be justified in making such an ex- 
penditure nor would he because he never has enough 
work on hand to keep a crew of men on his payroll, after 
he taught them welding, and if he let them go they 
naturally would go to work for someone else. I sug- 
gested that to one of the largest piping contractors in 
New York City who had 12 steamfitters in his employ, 
and his answer was that his job would be completed in 
six weeks and he was not spending money on welding 
instructions for the benefit of someone else. 

Regarding the question as to whether a plumber or 
steamfitter should be taught welding with a general 
course, which would include in addition to pipe, ma- 
terials in cast iron, malleable iron, non-ferrous metals, 
etc., it has been found that it was a direct waste of 
time and energy because with the organization labor 
set up neither of these two trades are allowed to touch, 
on the job, anything but pipe. Therefore, why teach 
them something that they cannot use while plying their 
given trade. Plumbing and steamfitting is a highly 
specialized trade and should be recognized as such. 

I am deeply indebted to Mr. Jack of Domestic Engi- 
neering for bringing before you that phase of the in- 
dustry that pertains to labor organizations. 


weight of pipe they use in a screw fitting job. It 
would appear that the biggest saving that we are go- 
ing to make in welded installations is going to be later 
on when advantage is taken of the saving of pipe by 
going to a lesser wall thickness. For screw fittings 
the pipe wall is made % in. thick, because % is going 
to be cut away for threads. That is your effective 
wall thickness after you put threads on the pipe is 
% in. If only % in. is required for the service, it 
seems only reasonable that in a welding installation the 
pipe should be made with ‘-in. wall thickness and 
not % in. 

CHAIRMAN: May I ask Mr. Crowe if that has not 
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been the experience in the long pipe lines for gas, 
gasoline and oils in general? 

MR. CROWE: I understand the tendency is in that 
direction, but I don’t believe it is 100 per cent as yet. 
They are making savings now in pipe lines for oil 
and gas, some of which are 500 to 1000 miles long, 
but I don’t believe they have taken advantage of the 
savings possible in the heating and plumbing industry. 

MR. H. H. MOSS (Linde Air Products Co.): I want 
to add a remark to what Mr. Crowe said about reduc- 
ing wall thickness in piping. It is true, Mr. Chair- 
man, that in those sections of this country where 
they are installing transmission lines for gasoline, oil 
and natural gas that the wall thicknesses of the piping 
for such installations is, in general, determined from 
predetermined unit working stresses for the particu- 
lar service of the line. I can recall one installation 
which I was rather close to where an 18-in. gas line 
working under 160 to upward of 300 lb. per sq. in. 
banking pressure had less than %4-in. wall thickness. 
I dare say, under old practices, the wall thickness 
would have been considerably heavier. 

MR. R. B. SWOPE (Southern Oxygen Co.): As I 
understand the situation, I believe Baltimore has no 
restriction on pipe welding, but prohibits structural 
welding. A great deal of welded piping has recently 
been installed in Washington where there are no re- 
strictions so far as I know. 


CHAIRMAN McKIBBEN: Mr. Wilmer E. Stine is 
unable to be present, so Mr. Lincoln will present the 
paper on “Factors Affecting the Weldability of 
Steel.’”’* 


Mr. Lincoln reads prepared paper on the above 
subject. 

CHAIRMAN: You have heard the interesting ex- 
position of this subject by Mr. Lincoln. According 
to the program Mr. Llewellyn has prepared a discus- 
sion, which he will now present. 


Discussion of paper by Wilmer E. Stine on 
‘Factors Affecting the Weldability of 
Steel.” 


By F. T. Llewellyn of U. S. Steel Corporation. 


My discussion of this paper is based on investiga- 
tions made by the metallurgical department of the 
Carnegie Steel Company. That company, as a manu- 
facturer of considerable tonnages of steel intended 
for fusion welding, is particularly interested in de- 
veloping steel most suitable for this purpose. It co- 
operated with the author of the paper just read by 
furnishing about 350 samples of plate steel of various 
compositions ranging from dead soft to approximate- 
ly 0.50 carbon. During the course of Mr. Stine’s in- 
vestigations its laboratories examined a number of 
specimens of fused beads and welds submitted by The 
Lincoln Electric Company. 

Mr. Stine’s method of judging welds, as described 
by him, was an examination of the surface for appear- 
ance, and the fracture of a portion of the weld to de- 
termine porosity. The investigation at the Carnegie 


*Paper published in the September, 1931, issue of Journal of 
the A. W. S. 


Steel Company’s laboratories consisted of complete 
chemical analyses, microscopic etching of sections 
through the welds, microscopic study of the plate and 
weld metal, an X-Ray examination of the welds. 

The Carnegie findings as to the quality of the welds 
were not always in accord with Mr. Stine’s classifi- 
cation. It was observed that samples of the same 
steel, welded at different times under the carbon 
arc, and presumably under the same conditions as to 
current, voltage and speed, did not always produce 
welds of the same appearance and soundness. The 
results pointed to factors other than variations in the 
steel, such as humidity and other atmospheric in- 
fluences, as well as the efficacy of the shielding of the 
arc. On account of this contradictory evidence the 
Carnegie metallurgists could not accept Mr. Stine’s 
conclusions as to the effect of the different elements 
in steel on its welding qualities. 

Following the release of the Lincoln-Stine Equi- 
librium Curve, some users of welding steel started to 
specify compositions conforming to this curve in re- 
spect to manganese, silicon and aluminum, which were 
neither commercially producible nor in accord with 
previous experience as to what was most desirable 
from the standpoint of weldability combined with 
other essential properties. Many of the welding fra- 
ternity apparently did not realize that this curve was 
intended by its author to apply only to the carbon arc 
method of welding where no flux is used and that, 
even if correct for that method, it would not be ap- 
plicable where a metallic electrode or a flux is employed 
since the fused metal does not then have the same com- 
position as the material being welded. 

In order to obtain definite information as to the ef- 
fect on weldability of varying amounts of manganese, 
silicon and aluminum in conjunction with several per- 
centages of carbon, four heats of steel were secured 


1 
j The standard method of open hearth melting was followed. 
Spiegel was used in each heat to deoxidize the bath at the proper time 
before tapping. No silicon or aluminum used in either furnace or ladle. 


HEAT NO} MILL NO |—-—LADLE ANALYSIS 
I 43332 13 | 40 |.013 |.035 
50262 13 | .57 1.019 | .033 
m 27246 23 | .39|.019 |.030 
WV 43334 27 | .64|.018 | .035 
ingot Five ingots from each heat were treated in the mold as follows: 
A —- Rimmed: no aluminum, siiicon, or other deoxidizers added 
B - Killed with 11.6 oz. aluminum per ton 
C - Killed with Excessive aluminum, 53.5 oz. per ton 
D - Killed with 50% ferrosilicon to give 15 silicon in steel. 
E 


- Killed with 50% ferrosilicon to give 05 silicon in steel, and 
5.8 oz. aluminum added per ton 


Fig. 1 


by the Carnegie metallurgists having varying carbon 
and manganese content, and ingots from each of these 
heats were treated during teeming in five different 
ways, thus giving 20 different combinations of chem- 
istry and treatment. The four heats are identified in 
Fig. 1 by the Roman numerals I, II, III and IV, an¢ 
the figure also shows their ladle analyses. The dif- 
ferent de-oxidizing methods, identified by the letters 


A, B, C, D and E, are listed in the lower part of the 
figure. 
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Each ingot was rolled into plates, 65 in. wide and 
¥ in. thick, and an 18 by 18-in. specimen, represent- 
ing the middle of the ingot, was taken midway be- 
tween the center and edge of each plate for these ex- 
periments. A transverse strip, 14% in. wide, was cut 
from each specimen for microscopic examination and 
complete chemical check analysis. Micrographs and 
analyses of all samples are on record as a part of the 
complete investigation. 

The 20 specimens were tack-welded so as to build 
up a continuous plate approximately 28 ft. long, the 
direction of rolling conforming to the length of this 
plate. Five beads were then fused on the surface of 
the plate by running a welder at five different speeds 
over the full length of the built-up plate. In order to 
determine the effect of a simple flux, half of each 
specimen was painted with sodium silicate (water 
glass) prior to depositing the beads. A Lincoln trac- 
tor-type carbon arc welder with shielded arc was used 
to deposit the beads. The potential was about 40 volts 
in all cases. The speeds and current used were as 
follows: 


Speed (Inches per Min.) Amperes 
25 450/550 

20 425/450 

15 350/400 

10 250/300 

8% 200/250 


Photographs of the surface and exographs* of all 
the specimens are on record as a part of the complete 
investigation, but on account of limited space only 
a few typical results can be presented here in detail. 
In Figs. 2 to 8 under each speed a photograph of the 
surface is reproduced to the left, and the correspond- 
ing exograph to the right. The chemical content, and 
that called for by the Lincoln-Stine curve, are also 
given, together with notes on the characteristics ex- 
hibited. 

In order to determine the relative merits of the dif- 
ferent methods of de-oxidizing these ingots in regu- 
lar production, full size-plates, 480 in. long, 63% in. 
wide, and 0.281 in. thick, were rolled from the 10 spe- 
cial ingots III and IV, and these plates were made 
into 20-in. pipe electrically welded by the metallic azc 
process with very thick flux. No unusual conditions 
were noticed in welding any of these plates. Ten il- 
lustrative cases are reproduced in Fig. 9. All of the 
welds, including those deoxidized with large amounts 
of aluminum or silicon, were acceptable but, in con- 
trast with the carbon arc results indicated by Fig. 8, 
a rigid inspection showed that for this metallic arc 
welding method the E treatment was the best. It also 
showed that for this method the C and D were better 
than the A and B treatments. 

A further and more extensive examination was made 
of the welded pipe representing steel killed by treat- 
ments C and D. Eight to 12 in. of weld from each 
of these pipes were explored with a cutting torch and 
the welds were found to be sound. Tensile and bend 
tests were also made which showed the welds to be 
strong and ductile. 

In addition to these experiments a record was kept 
by the National Tube Company of the relative quality 
of the metallic arc fusion welds on 3527 plates, with 
silicon content varying from practically 0 to 0.088, 
used in the commercial welding of pipe in 40 ft. 
lengths at its Christy Park Works during the months 


*The term exographs refers to pictures made with X-Rays, as 
opposed to radiographs which are made with Gamma Rays. 


of July and August, 1931. The welded joints devel- 
oped good tensile strength and ductility. Their find- 
ings were that for their particular metallic arc weld- 
ing process steel containing approximately 0.06/.08 
silicon, which averages more than three times the 
percentage called for by the Lincoln-Stine curve, was 
far superior to steels containing lesser amounts of 
silicon. 


CONCLUSIONS 

1. Careful check analyses of a large number of 
rimmed heats of steel to which no aluminum or sili- 
con was added as a deoxidizer, show that the limits 
prescribed for aluminum by the Lincoln-Stine Equi- 
librium Curve are not commercially attainable. 

2. In the case of the rimmed steel A ingots, where 
no deoxidizer was used, the two Heats III-A and 
IV-A (.22/.27 carbon) produced beads of good ap- 
pearance and soundness. The reverse was true of 
the two Heats I-A and II-A (.12/.16 carbon). 

3. Steels from the C ingots, which were killed with 
aluminum to show a content considerably in excess 
of what is generally present in ordinary steels manu- 
factured under recognized good practice, produced 
beads having pits or slag holes along the edges. The 
use of a simple flux, such as sodium silicate, corrected 
these defects. 

4. In the case of Heats I and II, containing 0.12/.16 
carbon, a 0.20 per cent variation in manganese, rang- 
ing from 0.40 to 0.60 per cent, had no effect on the ap- 
pearance or soundness of the fused beads. 

5. In the case of Heats I and II, of all the methods 
of deoxidation tried, steel from the E ingots, killed 
with silicon to show 0.05 silicon in the finished steel 
and 5.8 oz. aluminum added per ton, while not con- 
forming in composition with the Lincoln-Stine curve, 
under the carbon are produced beads of the best ap- 
pearance and soundness. 

6. In the case of Heats III and IV, containing 
0.22/.27 carbon and 0.40/.60 manganese, stee] from the 
D ingots, killed with silicon to show 0.15 silicon in the 
finished steel, while not conforming to the Lincoln- 
Stine curve, under the carbon are produced beads of 
the best appearance and soundness. On the other 
hand, for welds made by the particular metallic arc 
process employed, steel from the E ingots proved to 
be the best. These also do not conform to the Lincoln- 
Stine curve. 

7. Of all the compositions investigated under the 
carbon arc, steel containing 0.22/.27 carbon and 0.60/.70 
manganese gave the best results as to appearance and 
degree of porosity. 


SUMMARY 


The best beads under the carbon arc, from the 
standpoint of appearance and degree of porosity, were 
obtained on steel having considerably higher man- 
ganese and silicon contents than are prescribed by 
the Lincoln-Stine Equilibrium Curve. The limits for 
aluminum shown on the curve were also found to be 
much too low. All the steels tried, including those to 


which na aluminum was added as a deoxidizer, con- 
tained aluminum in excess of the amount called for 
by the curve. While aluminum very greatly in ex- 


cess of that present in ordinary steels caused slag 
holes and pits in beads fused on bare steel, these de- 
fects were overcome by the use of a simple flux. 

Mr. Stine states in his paper that no satisfactory 
welds were obtained on any aluminum-killed steel 


| 
2 
. 


34 JOURNAL OF THE AMERICAN WELDING SOCIETY 


December 


containing more than 0.018 per cent aluminum. This 
percentage is far in excess of the limits shown on 
his curve, and is more than is usually found in ordi- 
nary steel killed with aluminum. The curve for 
aluminum as plotted by Mr. Stine is not based on 
either theoretical or experimental data, but merely on 
a statement by Mr. Brinell that aluminum is ten times 
as effective as silicon in preventing the formation of 
gas holes in steel castings. From present knowledge 
of the effect of deoxidizers, for equilibrium conditions 
the aluminum curve should coincide with, or be only 
slightly under the silicon curve. This is confirmed by 
the results of the Carnegie Steel Company investiga- 
tion. 

In plotting his diagram, Mr. Stine treated each ele- 
ment separately by independent equilibrium curves, 
neglecting to take into account the mutual interaction 
of the several elements on each other. Also in his 
investigation he did not consider the fact that only 
the free portion of these elements affects equilibrium 
conditions, and that a large part of these elements 
may be chemically combined. 

The Carnegie Stee] Company investigation shows 
that while there is a relation between composition 
and weldability, this relation is not correctly exhib- 
ited by the Lincoln-Stine Equilibrium Diagram, and is 
not as simple as the curves plotted by Mr. Stine would 
indicate. 


Discussion of “Factors That Affect the Welding 
Qualities of Steel,” by WILMER E. STINE’ 
By C. H. Herty, Jr.’ 


The premise in this paper is that certain equilibrium 
conditions exist in the liquid metal in the weld and 
that these conditions are similar to those which occur 
in the refining of open-hearth steel. This premise 
would appear untenable for three reasons: (1) Equi- 
librium conditions in liquid steel change rapidly with 
variations in temperature, and the temperature of the 
liquid material in the weld is most certainly at an en- 
tirely different temperature from the finishing tem- 
perature of an open-hearth heat; (2) the atmosphere 
surrounding the metal in the weld is entirely differ- 
ent from the atmosphere in the open-hearth furnace, 
and gas-metal reactions are therefore quite different; 
and (3) in the short time that the weld metal is 
molten it is improbable that equilibrium is estab- 
lished. For these reasons we can not agree with the 
“equilibrium curve” proposed by the author for the 
composition of welding steels. 

An open-hearth steel containing 0.01 to 0.015 per 
cent silicon may as likely as not have 75 to 80 per 
cent of this silicon present as SiO,, and the same con- 
ditions hold for aluminum content. It is very doubt- 
ful if it will be humanly possible for the steel maker 
to manufacture steel to as close a silicon and alu- 
minum specification as indicated by the author’s 
curves. Furthermore, if he did meet these specifica- 
tions it would mean nothing, because there is no 
guaranty that all the silicon and the aluminum are 
present in the metallic state. 

MR. W. P. NORTON: Did I understand Mr. Llew- 
ellyn to say the data he will present will contain 
analysis of the fused deposits as well as micrographic 
analysis of the plate before and after fusing? 


~ 4 Published by permission of the Director, U. S. Bureau of 
Mines. (Not subject to copyright.) 


2 Physical chemist in charge of Metallurgical Section, U. S. 
Bureau of Mines, Pittsburgh periment Station, Pittsburgh, Pa. 
. 


MR. LLEWELLYN: No. All that will be pub- 
lished will be what I gave. All the data, however, 
are available at the laboratories of the Carnegie Steel 
Co. 

MR. J. W. OWENS (Welding Engineering and Re- 
search Corp.): I think the welding industry is fortu- 
nate in having this investigation of Mr. Stine’s pre- 
sented as a paper before the Society, if for no other 
reason than the stimulation of thought and investiga- 
tion on the part of the steel producing companies. 
The fact that it has stimulated thought along these 
lines is shown by the able critical analysis presented 
by Mr. Llewellyn for which he is to be congratulated. 

I have carefully read over Mr. Stine’s paper and I 
am unable to accept his conclusions for the following 
reasons: First, his investigation was not undertaken 
in such a manner as to completely separate the va- 
rious factors involved. In any investigation it is 
necessary to change only one factor at a time, which 
was not consistently done by Mr. Stine. Second, ex- 
perience has shown me that no reliable conclusions 
can be drawn of porosity from an observation of the 
surface appearance of the weld. Third, as porosity 
is not necessarily confined to the throat section of a 
weld but does and can occur in the fusion zone, sim- 
ply fracturing the specimen through the center gives 
a very restricted examination; and fourth, welds were 
made in only one layer, whereas when multiple layer 
welds are made, porosity frequently does occur even 
if a single layer deposit was free from porosity. 
Welds made with bare electrodes are not necessarily 
free from porosity, as inferred by Mr. Stine, as poros- 
ity usually develops in such welds at the high speeds. 

C. A. McCUNE (Welding Engineering & Research 
Corp.): Iam in appreciation of the work involved in 
Mr. Stine’s paper but believe that the results show 
something quite similar to the findings of the Welding 
Wire Specifications Committee, which was published 
in Bulletin No. 8 of the A. W. S., in which an attempt 
was made to determine the influence of deterimental 
elements in welding wire. My interpretation of Mr. 
Stine’s paper is that Mr. Stine substituted the carbon 
are in his tests for the oxy-acetylene flame as used in 
the test conducted by the Welding Wire Specifications 
Committee, and I would suggest that he might check 
his results with the oxy-acetylene flame. 

W. L. WARNER (Watertown Arsenal): The writer 
had the privilege of being present when this paper 
was presented together with the excellent discussion 
by Mr. Llewellyn. There is no doubt that the funda- 
mental object of Mr. Stine’s paper, namely, the deter- 
mination of an impurity equilibrium diagram for 
welding steels is to be commended most heartily, but 
one would infer from the data given that the conclu- 
sions stated are not warranted. 

A visual examination of the surface of the weld 
and a fracture through the center of the weld deposit, 
or weld metal as in this case, will not tell the whole 
story concerning either the amount or location of the 
porous condition of the metal when it occurs. Porosity 
may exist as a general spongy condition of the metal 
uniformly distributed, or as a series of holes or pipes 
through the center of the weld, or as holes or inclu- 
sions along the fusion zone just inside or at the junc- 
tion of the deposit and parent metal. Oftentimes 
none of these conditions are visible at the surface. 
A fracture of the weld through the center will show 
up the second condition but not the other two, anc 
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may be often misleading. The X-Ray should be used 
to determine the nature of the porosity and its loca- 
tion. 

The welds examined by Mr. Stine were penetrated 
only part way through the joint. It has been the 
writer’s experience that it is easier to produce a 
sound weld metal when complete joint penetration is 
not obtained than when complete joint penetration is 
obtained. It would appear that conclusions should 
be based on a complete weld on the material being 
studied rather than a partial one. 

Every welding user is most interested in making 
welds and knowing more about the kind of materials 
and conditions most suitable for strong, sound, ductile 
weld metal. He is not so much interested in results 
obtained by running beads on the surface of a flat 
plate or making a weld which extends only part way 
through the thickness of the butt joint. 

There arises also the question of what causes 
porosity. It may be caused by some element or ele- 
ments in the electrode material, the speed at which 
the welding is performed, the presence of some ele- 
ments or elements in the material being welded, or the 
nature of the welding conditions, i.e., arc current, 
voltage, and arc stability. All of these variables are 
more or less interdependent and all but one must be 
eliminated to determine the effect of that one on 
porosity. 

It also occurs to the writer that these various mate- 
rials, both weld and plate, should be analyzed for gas 
content to determine whether some of this porosity 
might not be caused by the presence of gases in the 
metal before welding or perhaps caused by absorp- 
tion of or formation of gases during the welding 
operation. 

Porosity, which occurs in the center of the weld 
metal and in the fusion zone at the surface of the 
weld, may be in the form of “solidification pipes” 
caused by too great a welding speed. The metal in 
the molten pool is not sufficiently fluid to fill up be- 
hind the are so that these voids or vertical pipes are 
left by quick freezing of the metal. This condition 
will occur with the best of welding steels when the 
welding conditions are not proper. 

There is also another phase of the welding problem 
which Mr. Stine has not touched upon and that is the 
effect of impurities on the physical qualities of the 
weld metal. This problem is also quite complicated 
and it is possible that an impurity equilibrium dia- 
gram covering one phase, that of weldability, would 
not apply for optimum physical characteristics of the 
weld metal. 

Mr. Llewellyn examined the specimens produced in 
his investigation by the X-Ray in addition to a visual 
inspection. In this way the amount and location of 
the porous spots have been accurately determined. 
However, the conditions required to produce a sound 


FRIDAY MORNING SESSION 
P. P. ALEXANDER, Presiding 


MR. P. P. ALEXANDER, Chairman. We have a 
very interesting program today. We have four papers 
and a lecture with moving pictures. I was requested 


*Paper published in the September issue of the Journal of the 
A. W. 8. 


deposit on the surface of a flat plate are very dif- 
ferent from those required to produce sound metal in 
a butt joint. The number of layers and how they 
are laid in the joint have a considerable effect on the 
soundness of the joint as determined by the X-Ray. 
For this reason the writer would hesitate to accept 
results obtained from a study of a series of weld 
beads on a plate surface as applying to a butt weld 
between plates. The writer has proved this to his 
own satisfaction by X-Ray analysis in a study of butt 
welding structural nickel steel plate with the metal 
are process. 

In spite of the criticism and comment aroused by 
the methods of analysis used in these two investiga- 
tions under discussion, one must not lose sight of the 
fact that the ultimate object back of both is most com- 
mendable and one which should be sponsored and 
supported by the interest of the welding industry. 
Just because a certain kind of steel makes good weld- 
ing wire does not necessarily mean that it is good for 
plate material to be welded and vice versa. The 
reasons why may be obscure but it is a safe bet that 
they are not the same in both cases. 

MR. CROWE: It is not quite clear to me from Mr. 
Lincoln’s paper as to whether metal was deposited 
of the various compositions, given in the paper. Was 
there any deposited metal? 

MR. LINCOLN: No. (Goes to blackboard.) 

MR. CROWE: In your first pictures you showed 
what appeared to be wire coming down through the 
apparatus used for making the weld. 

MR. LINCOLN: No. That wasn’t a wire. It was 
an atmosphere for the arc. 

MR. CROWE: Did Mr. Llewellyn say deposited 
metal on the plate? 

MR. LLEWELLYN: The last slide (Fig. 9) de- 
picted coupons cut from 20-in. pipe welded by a metal- 
lic are process with a deposit of added metal. In all 
the other slides (Figs. 2-8) there was no added metal, 
the beads being fused from the base metal by a car- 
bon are process. 

MR. LLEWELLYN: There is no inconsistency be- 
tween Mr. Lincoln’s statement that he has purchased 
steel from a company that I happen to be connected 
with of the composition that he mentions, and my re- 
mark that steel in accordance with the Lincoln-Stine 
curves is not obtainable. A comparison of the two 
compositions will show they are not the same specifi- 
cation. 

MR. OWENS: The fact that in Mr. Llewellyn’s in 
vestigation there was included a series of tests 
wherein beads were deposited on the plate surface 
materially aids its analytical value because the in- 
vestigation is. thereby reduced to its simplest terms. 
The air between the joint edges is a variable which 
should be eliminated in at least one of the series 
of tests of such an investigation as this. 


to give about one hour to the presentation of the mov- 
ing picture. Therefore we have to finish the other 
papers by 11.30. Without further delay, we will start 
with the first paper on “Large Welded Pressure Ves- 
sels.” This paper is presented by Mr. Hook and Mr. 
Powell. Mr. Powell has been associated with welding 
activities for many years, and Mr. Hook also has been 
associated with the American Brass Company and 
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in giving a course in the testing of materials in Yale 
University. 

Mr. Ira T. Hook reads a prepared paper* on “Large 
Welded Everdur Pressure Vessels.” 

Mr. Marselis Powell reads a prepared paper* on the 
same subject, “Large Welded Everdur Pressure Ves- 
sels.” 

(Both are illustrated by lantern slides.) 

DR. MAXWELL (Du Pont Company): We are 
using considerable copper and high copper alloys as 


Everdur and phosphor bronze in synthesis equip-- 


ment. Since the majority of this equipment is fabri- 
cated by welding, one of the early problems confronted 
was the determination of the best welding technique 
and materials as rods and flux to use on the several 
kinds of copper alloys to insure not only good 
strength and ductility in the weld, but also the equal- 
ly important property of being absolutely gas-tight, 
since the vessels operate at high pressure. 

The test welds were made with oxy-acetylene and 
metallic arc on %4-in. plates of commercial copper, 
deoxidized copper and Everdur. Welding rods of de- 
oxidized copper and Everdur were used with a num- 
ber of fluxes. The physical tests on the experimental 
welds show the practicability of using welding to 
fabricate deoxidized copper and Everdur. 

This opportunity to comment briefly on the excel- 
lent paper by Messrs. Powell and Hook is appreci- 
ated. It is felt that much will be gained in the chem- 
ical industry by applying their developments to spe- 
cific problems in fabricating copper and Everdur by 
welding. 

MR. M. D. HALSEY (Hartford Steam Boiler In- 
spection and Insurance Co.): Some reference was 
made by Mr. Powell to these vessels having been in- 
spected by the Hartford Steam Boiler Inspection and 
Insurance Co. I happen to represent that company. 
When we were requested by the manufacturer to in- 
spect these vessels and to issue a certificate of in- 
spection stating they would .be acceptable for insur- 
ance, we investigated the method of welding used at 
the shop and set up certain standards we wanted that 
welding to meet. Tests were made, and when we 
found that the manufacturer had developed a technique 
of welding which consistently produced good tensile 
strength, ductility and soundness, we said “Go ahead.” 

It would be of interest to you and to the welding 
industry to know that we have within the last few 
years adopted the practice of investigating welding 
shops and where we find that the process of welding 
used is one which will give consistent results in ten- 
sile strength, ductility and soundness, we approve 
that shop, put that shop on what we call our approved 
list, and will accept vessels built by that manufac- 
turer provided, of course, that we make the inspec- 
tion to ascertain definitely that the procedure which 
we have approved is followed. That list is increas- 
ing every day and we are very glad to go into the mat- 
ter with any manufacturer who is interested. (Ap- 
plause.) 

G. R. LONG (Frigidaire Corp.): The paper pre- 
sented by Mr. Powell and Mr. Hook has brought up a 
number of interesting facts particularly in reference 
to the recrystallization obtained by cold working fol- 
lowed by torch annealing. 

Due to the fact that one of the principal advantages 
of Everdur is its corrosion resistance, I would like to 
ask whether any tests have been run to determine any 


difference in corrosion of the base metal and weld 
metal. It is known that ferrous materials sometimes 
show such differences under otherwise mild corrosion 
conditions. The result is usually at the expense of 
the weld metal and has been variously ascribed to 
oxide inclusions or differences in electrolytic poten- 
tial due to varying grain sizes or internal strain. I 
do not refer to the corrosion of the 18-8 stainless iron 
as this is a special case. If any such corrosion phe- 
nomena have been encountered, it has occurred to me 
that cold working and annealing to obtain recrystal- 
lization might help to eliminate such possibilities for 
corrosion, providing, of course, that the cause of cor- 
rosion was not due to oxide inclusions or some factor 
which would remain unchanged by the above opera- 
tions. 


C. P. KERR (E. I. Du Pont De Nemours & Co.): 
The paper sets out most excellently the characteris- 
tics of Everdur welding and successful procedure for 
the welding of large vessels of %-in. plate. With 
other thicknesses of plate in mind and other applica- 
tions of the welding of Everdur, the following re- 
marks might be pertinent: 


1. The paper mentions that the high thermal conductivity 
of copper is a hindrance in welding it. This is true, 
but nevertheless it should not be forgotten that deoxi- 
dized copper can be welded satisfactorily with suitable 
technique. 


2. The paper points out that for Everdur plate % in. or 
thicker, the metallic arc method is advantageous in that 
it does not require such extensive heating as is the case 
with gas welding. This is true, but it should be borne 
in mind that there are many applications where gas 
welding of Everdur is more satisfactory, particularly 
where the utmost strength of the joint is not required. 
Everdur is prone to cracking in its hot-short range (well 
into the red), and with thicker plates there is without 
question more danger of hot-short fractures with gas 
welding than with metallic arc welding. But the diffi- 
culty can often be overcome by care and by development 
of suitable set-up. Furthermore, gas welding is not so 
sensitive to the personal skill of the operator as is elec- 
tric welding, and may be indicated when a very skillful 
electric welder is not available. 


3. The paper shows very plainly the advantages of cold 
working and annealing in improving the condition of the 
joint. However, there are many applications where cold 
working is not practicable. In such cases the Everdur 
can nevertheless be welded satisfactorily either by the 
metallic are or gas process although the joint would not 
be as tough. 


4. The paper points out the amperage and size of electrode 
which has been found satisfactory in the case of the 
large tanks in question and also mentions that for each 
case it is necessary to work out a procedure to get best 
results. At the same time, more emphasis might be 
given to the fact that the current adjustment, the size 
of electrode, and the skill of the individual welder are 
of the utmost importance. It is important also to use 
a backing bar and to skillfully tack and back-step the 
weld to avoid cracking, particularly in the early stage of 
the operation. The set-up also is very important. An) 
maladjustment of these factors or lack of skill or care 
on the part of the operator may result in very unsati:- 
factory work. It is necessary for each type of work ‘» 
develop by experience a suitable set-up and method an’ 
to have the welder use always the utmost care. If this 
is not done, difficulty will probably be had on account «‘ 
drawing the work out of shape, cracking in the wel’:. 
and similar grief. With careless or unskillful wor. 
welds may look perfectly sound from the outside and y«t 
prove to be very defective. 
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The above remarks are not meant to convey the idea that 
Everdur is particularly hard to weld. On the contrary, it 
flows readily and is relatively easy to weld, especially in 
comparison with copper. However, since the paper de- 
scribes a successful piece of work obviously done with care 
and skill it is well to emphasize that such care and skill 
are necessary; and also that in other applications of welded 
Everdur the best methods may be quite different from those 
found suitable for these large pressure vessels. 


A MEMBER: I would like to ask two or three 
questions. What yield points do you obtain with 
welded Everdur and what operating stresses? 

MR. I. T. HOOK (The American Brass Company) : 
Yield points in the weld metal are comparable to those 
in the hot rolled sheet. I don’t have in mind the 
yield points exactly, but with 45,000 tensile strength 
in the weld, we have a yield point that is approxi- 
mately 23,000 lb. per sq. in. 

A MEMBER: I was anxious to know whether in 
testing, after the welded joint is completed, to what 
extent you may pass the yield point, whether there 
has been any harmful effect either on the weld metal 
or base metal by such cold working. 

MR. HOOK: I think not. Cold working is bene- 
ficial to the metal. In the dead soft condition after 
annealing at rather high temperature (where there is 
no cold rolling effect left in the metal whatsoever) 
the proportional limit is rather low, about 14,000 or 
15,000 per sq. in. In hot rolled metal there is enough 
cold work in the metal so that we get a yield point 
of 25,000 or 26,000 per sq. in. lb., where we define the 
yield point as the stress causing 34 of 1 per cent ex- 
tension under load. In the case of these two large 
tanks, which were 9 ft. in diameter, the circumferen- 
tial stress in the shell wall was 21,700 lb. per sq. in. 
at 200 lb. per sq. in. hydraulic pressure. They held 
that pressure for two 24-hour stretches with pumps 
stopped and valves closed without a pound drop in 
the water pressure, so that the metal did not yield at 
that value. 

As you know, a ductile metal may have a low yield 
point and a high tensile strength. If we stress such 
a metal above its yield point and then remove the load, 
and then stress it again, we will find that the yield 
point has been raised to a value approaching that to 
which it was stressed the first time. The tensile 
strength will not be affected at all. It will affect the 
ductility slightly, but we have seen in this Everdur 
tank metal that even where the tensile strength is 
75,000 lb. per sq. in. we still have a ductility of 35 per 
cent as measured by the elongation in 2 in. There- 
fore the yield point raised by preliminary stretching 
still leaves us with ample ductility. 

A MEMBER: Has anyone here welded Everdur 
lighter than 12 gauge? 

CHAIRMAN: Twelve gauge would be around %% in. 

MR. HOOK: Yes. We have welded Everdur of ap- 
proximately .020 in. in thickness with the oxy- 
acetylene torch. We have got some very good welds. 
If you have the opportunity to step down to the Pier 
exhibit, you will see some of these welds. It required 
considerable skill to do it, but I think possibly those 
welds on that thickness of material are about as beau- 
tiful as any that can be made in any material. 

I intended to say that Everdur metal can as readily 
be oxy-acetylene welded to form pressure vessels as 
in the manner discussed this morning. We were con- 


*Paper published in the October, 1931, issue of the Journal of 


the A. W. 


sidering more particularly arc welded pressure ves- 
sels calling for rather high working pressures. 

A MEMBER: I should have added for pressure 
work? 

MR. HOOK: Yes. The seam described in the .020 
in. thick metal developed pretty near the full strength 
in the sheet metal. One can also resistance seam weld 
Everdur metal. Many thousands of smal! kerosene 
containers have been resistance seam welded. When 
so seam welded, Everdur stands considerable pressure. 


MR. T. W. GREENE reads prepared paper on “Semi- 
automatic Gas Welding.”* 


CHARLES KANDEL (General Manager, Crafts- 
weld Equipment Corp.) presented a motion picture 
and lecture on “Underwater Cutting.” 


Discussion of Motion Picture and Lantern Slides on 
Cutting Steel Under Water. 


By COMMANDER EDWARD ELLSBERG 


The underwater cutting torch, designed originally 
as a salvage tool, has been of far more service on in- 
dustrial work—measured in terms of hours used and 
tons of steel cut, than was ever imagined possible. 

The torch and the technique involved in its use un- 
der water, have both been so materially improved that 
an expert diver, properly trained for this work, can 
be sent to any divable depth; and cut steel of almost 
any thickness, with certainty and speed much above the 
levels of six years ago, as demonstrated in the pic- 
tures shown. I believe now that where the work is ac- 
cessible to the diver, the visibility unimpaired and 
the frequent dividing handicaps eliminated, steel can 
actually be cut faster under water than on the sur- 
face, owing to the higher compression of the gases 
and the insulating effect of the surrounding vapors. 

It is also quite obvious that the art has advanced 
to the point where it is possible to estimate the cost 
of cutting with reasonable accuracy. This develop- 
ment will undoubtedly be highly welcomed by con- 
tractors, who have occasion to vid on construction 
work entailing any appreciable amount of cutting of 
steel under water. 

As I look back to the winter of 1925, and recall the 
numerous struggles and hardships in the develop- 
ment of the underwater cutting torch, I almost envy 
the present operators of the underwater cutting torch 
their assembly of complete diving gear, particularly 
their fine assortment of torches, their sectional mani- 
folds, as well as their auxiliary tools. The entire as- 
sortment would certainly be of great help in any fu- 
ture salvage expedition. 

It is unfortunate that the motion picture cannot 
show the brilliancy of the display of flame and spark, 
so vivid in my mind when I first used the torch on 
the S-51 six years ago, but aside from this one fea- 
ture it outlines very clearly the operation of the 
torch under water. 

MR. A. VOGEL (General Electric Co.): We have 
here a very interesting tool. Its development, due to 
Commander Ellsberg and the author, has been of in- 
estimable value to the civil engineering profession. 
Undoubtedly it will have applications in industry not 
yet foreseen, but these words used by Commander 
Elisberg are as worthy of your investigation as any- 
thing that could come to your attention at this time— 
“Steel can be cut faster under water than on the sur- 
face owing to the higher compression of the gases.” 
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lly available. 
These tests 


The relative efficiency of 
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This survey might take the 
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intended to correlate the behavior of welds 


under impact and variable stresses with their behavior under 


behavior under these cond 
In order to establish a starting point for such an investiga- 


The Committee is of the opinion that the results of the 
present program cannot be indiscriminately applied to struc- 
This group is intended to determine the effect, if any, of 


vantageously be made of all structures of this type on which 
welding upon members while under stress. 


welding has been employed. 
form of a list and description of installations, together with 


a record of subsequent behavior. 
of columns, trusses, girders, and other members of loaded 


tures where impact and variable stresses occur, such as 
railway bridges, until such time as more information regard- 
tion the Committee believes that a detailed survey could ad- 
side and end welds to resist impact should be included. 
would find their application in the repair and reinforcement 
structures. 
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Permanence for Roofs 
By OWEN C. JONES 


+ Mr. Jones is connected with the Technical Publicity Dept. 
of The Linde Air Products Company. 


HERE are several factors that explain the 

steadily increasing use of welded aluminum for 

roofs and roof auxiliary installations such as 
skylights, canopies, gutters, and leaders. Lightness, 
strength and resistance to atmospheric corrosion are 
among the leading considerations; and ease, economy, 
and rapidity in assembly are no less important. As 
sheet aluminum joined by the oxy-acetylene welding 
process embodies all of these features, its use for roof- 
ing, particularly on large buildings, becomes exceedingly 
important for consideration by architects, engineers, 
and sheet metal workers. 

Oxy-acetylene welding is the ideal process for fabri- 
cating aluminum. When compared with other methods 
of joining, all of which have the disadvantages of high 
cost and lack of water tightness, the advantages of 
welding become evident. For installing aluminum 
roofs, when these factors are considered, the qualities 
of the welded joint will indicate the economies in both 
fabrication and future operation. 


Welded Aluminum Roofing 


The oxy-acetylene welding technique for sheet alu- 
minum differs somewhat from the technique for weld- 
ing sheet iron or steel; but it is easily mastered when 


| 


due consideration is given the physical properties of 
aluminum and aluminum alloys. 

One of the most interesting applications to date oc- 
curred when a large hotel in the East built a two sec- 
tion movable roof of aluminum for covering a small 
open air roof garden. These roof sections rest on 
traveling cranes, so that on clear nights the dance floor 
can be entirely opened to the sky. If it should rain, 
however, a button is pushed and in 14% minutes the 
sections run together completely covering the room. 

As lightness was the most important consideration, 
each section of this roof was completely built of 160 
welded aluminum panels, held in position by special 
weather proof strips and locks so that the panels could 
be removed if necessary. 

The fabrication of the panels is interesting. A thin 
rectangular shaped piece of light composition material, 
conforming to the necessary size, was covered on each 
side with a 22-gauge sheet of No. 4S aluminum. The 
corners of the aluminum were cut so that overlap of 
sheet on the panel form could be bent around to the 
other side of the form and welded firmly to the other 
sheet, thus forming a tight form-fitting envelope of 
sheet aluminum. It is interesting to note that all joints 
on the panels are so located that none show on the out- 
side. All joints on the trim and other flat sections cov- 
ering the edges and ends were also welded. 

The engineers who designed this moving roof know 
that a light, sturdy, and weatherproof job has been 
installed which will never need attention as far as 
panels or joints are concerned. Other installations o! 
welded aluminum roofs have been built and many are 


ya 
December 
| 
ti 
Gi 


15 


girders, and other members of loaded 


of columns, trusses, 


structures. 


1931 PERMANENCE FOR ROOFS 51 


now under construction. They are all built with the 
fundamental! idea of lightness and permanence. 


Gutters and Leaders 


The oxy-acetylene welding process has been found 
to be particularly applicable to the fabrication of alum- 
inum gutters and the joining of leaders. In this work 
again lightness and freedom from leaks is of the ut- 
most importance. 

A 318-ft. canopy has just been completed which 
covers the unloading platform of a large manufactur- 
ing building. Glass was used in covering this in order 
to permit light from above to reach the platform. One 
continuous welded aluminum gutter fitted with alumi- 
num leaders was attached to this canopy. 

Sections of No. 22 gauge, No. 4S gray aluminum 
8 ft. long were rolled and pressed into gutters at the 
roofing company’s factory and shipped to the job. 
There these elements were welded together into 60- 
ft. sections and hoisted into place. The long sections 
were then welded together. The end pieces which had 
previously been fabricated at the factory, were also at- 
tached by welding. 

The leaders of 20-gauge stock were round in shape 
and the necessary bends had previously been pressed 
in them. The method used in fastening the leader 
to the gutter was to cut a hole in the gutter before 
forming, insert the leader, trimming the leader to 
the contour of the gutter and allowing the leader to 
project up through the gutter 4% in. The gutter was 
then welded to the leader. 

Too much stress cannot be laid on the proper use of 
templets to cut the hole in the gutter and to get the 
proper contour on the leader, for while it is a simple 
matter to make a good welded joint in aluminum when 
the two pieces are well fitted, it is an equally difficult 
feat to fill in a gap with aluminum rod on light gauge 
material. Sections of leaders were fastened together 
with a butt weld using 1/16-in. diameter aluminum 
welding rod. 


Roof Flashing 


For roof flashing around -projections, welded alumi- 
num sheet, because of its resistance to atmospheric 
corrosion and its tightness of joints, has been specified 
in many building projects. The plans for a large state 
building specified aluminum roofing construction as an 
added factor for permanence. The contract for the 
sheet metal work was awarded to a roofing company. 
This covered all the window sashes, skylights, gutters, 
leaders, flashing, cornices, and a large dome, all to be 
fabricated of aluminum. When the roofing company 
bid on the job, welding had not even been considered. 
The only methods of fabrication with which they were 
familiar were lock-seam joints, riveting, and aluminum 
soldering. 

An oxy-acetylene service operator called the contrac- 
tor’s attention to the advantages of welding for this 
type of work. He prepared some sample pieces, welded 
them, and thus convinced the contractor that welding 
was superior to any other method for joining aluminum. 
As the roofing company’s welder had had practically no 
experience in welding aluminum, the service operator 
spent several hours instructing the plant welder in the 
proper procedure for aluminum welding. At the end of 
that time the welder had grasped the underlying prin- 
ciples and needed only a bit of practice to turn out a 
good weld. 

The welded flashing for this roof was constructed of 
20-gauge stock; 14-in. seams being flanged up % in., 


tack-welded, and then fused together. All flashing was 
fabricated in the shop. 
Skylights 


On this same building ten aluminum skylights 8 x 10 
ft. in size were welded throughout even to the window 
frames. They were fabricated of extruded, strong 
aluminum alloy (No. 51S) % in. thick, which was sup- 
plied in the conventional structural shapes such as 
channels and tee sections. All members were welded 
with butt type joints and because of their thickness, it 
was necessary to notch the ends. A ‘%-in. diameter 
aluminum welding rod was used with a relatively large 
welding tip. 

Cornices and Ornaments 


The cornices on the state building were formed in 
the shop from aluminum sheet, taken to the job, and 
welded in place. 

The installation of aluminum ornaments on roofs 
forms another type of work that has been materially 
aided by welding. Four cast aluminum sphinxes, one 
for each corner of a Middle Western skyscraper, were 
shipped to the job in from seven to thirteen sections 
each. The pieces were raised to position and welded 
together in place on the roof. Special cast aluminum 
welding rod was used for this work. 


Summary 


The adaptability of the welding blowpipe for alumi- 
num roofing installations can readily be seen from the 
preceding descriptions of various building projects. 

As an example of economies effected by this process 
the work on the state building can be considered typi- 
cal. The whole job of assembly welding after the units 
had been made up in the shop was done by one welder 
and a helper in two and a half weeks’ time. By using 
welding the contractor saved about 60 per cent over the 
original method of fabrication, including the cost of his 
welding equipment. In doing this work the operators 
used a special aluminum welding rod and sheet alumi- 
num flux. These materials, used in accordance with 
instructions given, made the work so easy and so suc- 
cessful that the roofing contractor has decided to use 
welded aluminum roofing wherever possible. 

The combination of light, corrosion-resisting sheet 
aluminum, and of welded joints for roofing installations, 
is not only a material factor in reduction of installation 
costs due to the speed and efficiency of the oxy-acetylene 
process for joining; but because of the resistance of 
aluminum to atmospheric corrosion and the strength and 
permanent tightness of welded joints, it is also a means 
of substantial saving in operating costs. 


Procedure for Welding 
High Manganese Steel 


Frogs and Crossings 
By A. F. DAVIS 


@ Mr. Davis is Vice-President of The Lincoln Flectric Com. 
pany. 


IGH manganese steel is rapidly replacing or- 
dinary high carbon steel in the manufac- 
ture of frogs and crossings for points on 


railroads that have to stand especially heavy or fast 
trains, or a considerable daily average number of trains. 
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The reason, of course, is that such steel is much more 
durable and shock resistant than ordinary high carbon 
steel. 

However, these high manganese castings are expen- 
sive and the fact that they can be reclaimed at a cost 
of from 25 per cent to 33 1-3 per cent of the original, 
through are welding with a shielded manganese rod 
is important from a standpoint of economy. 

This rod may be used on frogs and crossings 
either in the shop or on the open track. In the shop 
the ordinary electric welding generator set is used. For 
open track work a gasoline driven welding generator set 
and a portable grinder, both mounted on a truck, are 
required. The only difference in the two applications 
is that the welding proceeds a little more slowly on 
open track unless water for cooling the casting is 
available. 

For electric arc welding of high manganese steel, 
proper preparation of the casting is essential. All soft 
spots should be ground out of the frog or crossing and 
the fine cracks on the surface to be built up should be 
removed with hammer and chisel. Such cracks will 
inevitably appear in the weld deposit unless removed. 
All rust, oil and grease should also be removed before 
welding commences or the deposited metal will be 
porous. A scratch brush with a suitable acid solution 
will serve the purpose. Muriatic acid solution, cut with 
zinc, is commonly used. However, if grinding is pur- 
sued probably acid will not be necessary for cleaning. 

At this time we might bring out the point that it 
is better and cheaper to repair frogs and crossings 
before the wear becomes too great. When several layers 
of weld metal have to be put on it is more expensive 
and more difficult for the operator to do a good job. 

After the casting has been prepared for welding, as 
outlined above, work may commence. The operator 
should have at hand a light hammer, a straight edge, 
and be provided with a hose about a pencil stream of 
cool water flowing. The ends of the frog or crossover 
should be lightly dammed up with sand so that about 
one-half inch of water is always in the trough. The 
purpose of this is to keep the casting cool and should 
not be used for quenching. 


The operator should set the machine with reverse 
polarity and use three-sixteenth inch manganese 
electrodes, unless only one layer is to be deposited, in 
which case one-fourth inch rods may be used. With 
the three-sixteenth inch electrodes, 130 to 170 amperes 
are used, with one-fourth inch, 170 to 225, but the 
lowest amperage that will allow of steady arc flow and 
good penetration is best. The cooler that the member 
being welded is kept the fewer the contraction stresses 
that are set up. 

The bead should be laid ‘with a half moon weaving 
motion, with the two ends of the half moon pointing in 
the direction toward which the operator is working. 

The bead should be about three-fourths inch wide. 
About 3 in. at a time should be welded. The operator 
should then immediately take a light hammer and peen 
the bead thoroughly. The practice of water quenching 
the bead should not be used since the special rod is of 
such composition that the resultant Lead is air tough- 
ening. 

If the casting has more than one section being built 
up, as it usually has, it is best for the welder to deposit 
the next bead on a new section rather than to keep on at 
the place where he starts. This allows further time to 
cool. Each section should be worked on in order before 
returning to the original bead. 

One bead having been laid on each section, a second 
bead is deposited at the original point. This second 
bead should be deposited alongside the first one rather 
than to be a continuation of it. The same procedure 
follows at each of the sections. When more than one 
layer is required, the entire first layer should be 
deposited before starting the second. 

After the first layer is finished, and if more layers 
are necessary, the former should be thoroughly scaled 
and cleaned before proceeding. This is exceedingly 
important, as if any scale or dirt remains it will cause 
boiling and porousness in the upper layers. 

The operator should frequently use the straight edge 
so as not to deposit any excess weld metal, as all such 
excess must be ground off. 

If these instructions are carefully followed, the re- 
claimed frog or crossing is just as good as new. 


Current Welding Literature 


BOOKS 


Darstellung der gesamten Schweisstechnik. Second edi- 
tion of a book surveying the entire field of welding engi- 
neering, by Prof. P. Bardtke. Published by VDI-Verlag, 
Berlin, Germany. 275 pages with 315 illustrations. Cloth 
cover. Price twelve and a half marks. 

The Bastian Blessing Company, 240 E. Ontario Street, 
Chicago, Ill., makers of Rego Welding and Cutting Equip- 
ment, announce their new catalog No. 57, available to any- 
one interested. 

Second edition “Oxy-Acetylene Welding and Cutting,” by 
Stuart Plumley, revised and enlarged by a hundred addi- 
tional pages. Reduced price $5.00. Available by writing 
to Stuart Plumley Course of Instruction, 2619-33 Fourth 
Street, S. E., Minnesota, Minn. Table of contents include 
lessons on torches, regulators, cylinders, welding of sheet 
metal, cutting, pipe welding, welding jobs and steel tanks, 
job shop welding, welding in foundry work, cast iron, mal- 
leable iron, welding, brazing, welding of aluminum, welding 
of monel metal, cutting copper and various alloys, lead 
burning, A.S.M.E. rules on pressure vessels and boilers, 
firebox welding practice and other miscellaneous data. 


Analysis. Factors Affecting Steel Weldability, W. E. 
Stine. Elec. World (Oct. 31, 1931), vol. 98, No. 18, pp. 


786-788. 


Are Welding of High Conductivity Joints in Copper. 
T. C. Stuart. The Engineering Journal (December, 1931), 
vol. 14, No. 12, pp. 600-601. 

Automobile Bodies. Making Pressed Steel Bodies. Au- 
tomobile Engr. (November, 1931), vol. 21, No. 287, pp. 
511-517. Plant layout, production methods and equipment 
of Pressed Steel Co. of Great Britain; between 1500 and 
2000 work people employed; use of welding jigs. 

Automobile Frames. Welding of Frames May Introduce 
Greater Chassis Rigidity and Effect Production Economies, 
A. F. Denham. Automotive Industries (Nov. 21, 1931), vol. 
65, No. 21, pp. 788-790 and 798. 

Computing the Cost of Pipe Welding, John Zink. Indus- 
try and Welding (November, 1931), vol. 2, No. 10. pp. 2-9. 

Costs. Estimating Welding Costs, J. H. Zink. Heating 
and Piping Contractors Nat. Assn.—Off. Bul. (November, 
1931), vol. 38, No. 11, pp. 32-34. Practical review of cost 
estimating pipe-welding operations. 

Electric Welding Arc. Developments in Arc Welding as 
Applied to Oil Industry, J. C. Lincoln. Oil Weekly (Oct. 
16, 1931), vol. 63, No. 5, pp. 18-24. 

Houses, Steel-Frame. Residences of Welded Steel Con- 
struction. Eng. News-Rec. (Nov. 26, 1931), vol. 107, No. 
22, pp. 839-840. 

Motor Truck Frames. Welding of Frame Structures in 
Automotive Plants Contributes Strength and Economies. 
R. A. Gast. Automotive Industries (Nov. 28, 1931), vol. 65, 
No. 22, pp. 836-837 and 855. 
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Oil Tanks. Welding Field Storage Tanks, E. E. Dillman. 
Oil Weekly (Nov. 6, 1931), vol. 63, No. 8, pp. 40, 42, 44, 46 
and 48. Notes on Texas practice in building tanks as large 
as 80,000 bbl. capacity, welding all seams and eliminating 
rivets. 


Oxyacetylene Cutting. Machine Gas Cutting Heavy 
Plate, L. M. Curtiss. Steel (Nov. 16, 1931), vol. 89, No. 21, 
pp. 31-33 and 38. Effect of gas-cutting on physical and 
chemical characteristics of steel plate. 

Pipe, Steel. Metallic-Arc Method of Pipe Making. Iron 
and Coal Trades Rev. (Oct. 16, 1931), vol. 123, No. 3320, 
pp. 573-574. 


Pipe, Steel. Tentative Specifications for Electric-Fusion- 
Welded Steel Pipe (A134-31T). Am. Soc. Testing Matls.— 
Tentative Standards, 1931, pp. 88-91. Also (A135-31T), 
pp. 92-97; and (A136-31T), pp. 98-100. 

Pressure Vessels. Address to American Boiler Manufac- 
turers Association, C. A. Adams. Combustion (October, 
1931), vol. 3, No. 4, pp. 16-21 and 24. 

Roofs. Permanence for Roofs. Oxy-Acetylene Tips (No- 
vember, 1931), vol. 10, No. 11, pp. 179-182. Oxwelding 


materially simplifies installation of aluminum roofing, gut- 
ters, leaders and skylights. 

Steel Plates. Tentative Specifications for Steel Plates 
of Flange and Firebox Qualities for Forge Welding (A89- 
31T). Am. Soc. Testing Matls.—Tentative Standards, 
1931, pp. 41-46. 

Structural Steel. Electric Arc Welding in Building Con- 
struction, P. N. Vinther. Am. Inst. Elec. Engrs.—Advance 
Paper, No. 31M8, of Meeting Oct. 22-24, 1931. Brief his- 
tory and uses of process; arc welding as applied to steel 
structure of new office building erected by Dallas Power & 
Light Company. 

Structural Steel. Impetus Given to Welding of Struc- 
tural Steel, H. E. Stitt. Steel (Nov. 23, 1931), vol. 89, No. 
22, pp. 31-32. Economic advantages derived from appli- 
cation of welding illustrated by construction work of Aus- 
tin Co., Cleveland. 

Welders Training. Training Arc Welding Operators, 
A. F. Davis. Elec. Mfg. (July, 1931), vol. 8, No. 1, pp. 
29-30. 

Welds. Guaranteed X-Ray Inspection, W. H. Shipman. 
Am. Mach. (Nov. 5, 1931), vol. 75, No. 19, pp. 708-709. 


SHAWINIGAN PRODUCTS CORPORATION 


110 WILLIAM STREET 


NEW YORK CITY 


wires? 


newer and better methods. 


Have YOU Tried 
Swedox Welding Rods? 


If not—why not send for free testing samples of our 


We will gladly give you any information you desire as 
our experience in welding covers a period of over twenty- 
five years and our experts are continually searching for 


Siéel \WJite (ompany 


East Monument Ave. 


4545 S. Western Bivd. Extended 5001 Bellevue Ave. 
Chicago, Iil. Dayton, Ohio Detroit, Mich. 
Lafayette 8500 Garfield 3666 Whittier 6780 


Mention the “Journal of the American Welding Society.” 
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BECAUSE OF THIS SPIRIT 


Tue biggest thing about your telephone is the 
spirit of the hundreds of thousands of people 
who make up the Bell System. No matter what 
their particular jobs may be, they are first of 
all telephone men and women. 

The loyalty of these people to the ideals of 
their work is reflected in every phase of your 
telephone service. It shows in the increasing 
speed with which your local and long distance 
calls are completed. It shows in the greater 
accuracy with which they are handled. It shows 
in the wider and more convenient facilities 
which are placed at your command—extension 
telephones, intercommunicating systems for 
home and office, small and large switchboards, 
teletypewriters and many others. 


Because of this spirit, your needs for fast, 
complete and inexpensive telephone service are 
more fully met each year. Men and women of 
the Bell System are constantly explaining the 
varied telephone services to more and more 
users. They prepare the way for the new plant 
and equipment put at your disposal every 
year. Through their efforts, you receive better 
and wider service at a cost made possible only 
by an organization of this character. 

Although it does not appear on the balance 
sheet, the greatest asset of the Bell System lies 
in the skill, energy and purpose of the people 
who carry on its work. Every time you tele- 
phone, you get the advantage of this—in better 
and better service at the lowest possible cost. 


* AMERICAN TELEPHONE AND TELEGRAPH COMPANY x 
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LINDE PROCESS SERVICE 
ASSURES EFFECTIVE USE 
OF OXWELDING 
AND CUTTING 


EVERYTHING 


FOR Oaweioins 


THE LINDE AIR PRODUCTS COMPANY 


1 | | ™~ 


‘N Mi 
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INDE Process Service offers you every facility for the most effective 
[ use of oxy-acetylene welding and cutting. In the shaping or 
assembly of metal products this service will supplement the work 
of your own engineers in organizing your welding and cutting oper- 
ations for maximum speed, economy and dependability. It places 
at your disposal the experience of a quarter century of pioneer- 
ing the oxy-acetylene process. It helps you inject the best practices 
of fhe day toward the solution of your specific problems. For example: 

It helped a manufacturer of power squaring shears and forming 
presses to double production speed, and to effect economies in fab- 
rication and finishing by the use of oxy-acetylene shape-cut steel. 

It assisted a furnace manufacturer in establishing assembly pro- 
cedures for oxy-acetylene welding and securing the economies of 
a shorter production cycle. 

It helped a manufacturer in developing a procedure control for 
oxwelding pressure vessels for storage of large volumes of mate- 
rials at pressures up to 300 Ib. per sq. in. 

These examples, selected from thousands, illustrate the versatility of 
Linde Process Service. They show why Linde customers gain so much 
extra value from their use of ihe oxy-acetylene process. Write or 
call the nearest Linde District Office. 


Unit of Union Carbide and Carbon Corporation St. Lovie 
Bultalo Kansos City Salt Loke City 
186 Producing Plants 627 Warehouse Stocks 


IN CANADA, DOMINION OXYGEN COMPANY, LTD.. TORONTO 


LINDE OXYGEN + PREST-O-LITE ACETYLENE * OXWELD APPARATUS AND SUPPLIFS + UNION CARBIDE 
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PREMIER 


THE STANDARD 
FOR RELIABILITY 


More and more skilled welders are demanding this better 
wire. They like its constantly uniform structure, free flowing 
and deeply penetrating qualities. Experience has taught 
them that it is free from impurities —and they find identi- 
fication easy because each piece is marked for grade. We 
will gladly tell you how you can eliminate spoilt work — 
lower shop costs—and save valuable time. Write us today. 


AMERICAN STEEL & WIRE COMPANY 


208 South La Salle Street, Chicago sussioiany oF unrren comrorarion And All Principal Cities 
Pacific Coast Distributors: Columbia Steel Company, Russ Building, San Francisco Export Distributors: United States Stee! Products Company, New York 2 
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discuss 


“STABLE-ARC” 


g “It seems to me that all welders 
have a stable arc, according to 
the advertising | read.” 


“There's only one ‘Stable-Arc,’ 
that's Lincoln's.” 


g “Can you prove that to me?” 


“You can prove it yourself by 
asking those who own Lincoln 
welders and other makes, which make 
of welder they prefer and why.” 


“Evidently the answer to that 
would explain why | see more 


Lincoln ‘Stable-Arcs’ in use than any 


other make.” 

“Not entirely —the Lincoln 
“a ‘Stable-Arc’ welder also has 
dual control of welding heat... 
a separately excited generator field 
... sparkless commutation .. . sim- 
plified and unified control, right up 
where it's handy ... and all steel 
construction. No other welder has 
all these features. There’s only one 
name for this unbeatable combina- 
tion of features in a welder— 
and that’s 


LINCOLN 


Largest Manufacturers of Arc Welding Equipment in the World 
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UNLABELED DRUGS | 
AND MEDICINES 


welding 
Don’t take a chance 


@ with unlabeled 
welding wire any more than you would 
with unlabeled drugs and medicines. 
Faulty welds are costly—in time, ma- 


terials and reputation. 


e PAGE-ARMCO Welding Wire and 
Electrodes are processed to assure per- 
fect uniformity. They are carefully 
treated and drawn especially for the 
type of work for which they are recom- 
mended. And to avoid confusing the 
various grades—each bundle is tagged 
andeach wireandrodisplainlystamped. 


@ You can easily prove for yourself the efficiency 
and economy of PAGE-ARMCO Welding Rods and 
Electrodes. We will gladly supply samples and the 
services of our engineering department to recom- 
mend the grade best suited for your work. No 
obligation whatever. 


PAGE STEEL and WIRE COMPANY 


General Sales Office: 701 American Bank Building, Pittsburgh, Pa. 
District Sales Offices: 
Atlanta, Chicago, New York, Pittsburgh, San Francisco 
An Associate Company of the American Chain Company, Inc. SYMBOLS 
Canadian Distributor and Manufacturer: OF GOOD 
Frost Steel and Wire Co., Limited, Hamilton, Ontario w ——: 


WIRE and ELECTRODES 
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SELF-EXCITATION and 
SPARK-FREE COMMUTATION 


G-E ARC WELDER 


THE NEW 


Combines and excels all the 
best features of all the good 
welders now on the market... 
plus new features all its own. 


ES 


Stable, flexible are 

Quick recovery (“pep”) 
Self-excitation 

Spark-free commutation 
Simple operation 

Duplex voltage control 
Dead-front control panel 
Large, protected instruments 


Light, compact, strong con- 
struction 


Low center of gravity 


A definite purpose for every 
ounce of material 


These auxiliary brushes on the 
enerator commutator supply 
self-excitation for the new 
G-E are welder 
ELF-EXCITATION has always been a fundamental engineering 
principle in the design of General Electric welding sets. By 
avoiding a separate exciter for the welding generator we save 
space and weight; avoid en and spare you the trouble 
of maintaining an extra unit. 


Spark-free commutation, difficult to achieve in a welding gen- 
erator, has been obtained in the new G-E welder at all loads. 
This means no damaging sparks at the brushes; no shortening of 
the life of the commutator due to pitted bars, burnt brushes, 
burnt insulation between bars. 


Your electrician or maintenance man will appreciate these two 
features. He will also appreciate the standard driving motor and 
the accessible ball bearings. 


Before buying any arc-welding set, investigate this slide 
machine which bears the G-E monogram. Prompt shipment can 
be made from any of 20 G-E warehouses throughout the country. 
Ask your nearest G-E office. 


530-112 


ENGINEERING SERVICE N PRENWCIP AL 
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when MINUTES 
DOLLARS 


use LOBIN 


FF Fort William, Ontario, a lake vessel 

was laid up with a disabled engine. Prompt 
action was necessary. Tobin Bronze was the log- 
ical choice for this emergency. After chipping out 
the crack of the broken casting, the weld was 
completed without pre-heating in less than an 
hour...and the vessel moved out the same day. 


It is in just this way that Tobin Bronze is 
saving time and money in the repair of broken 
castings the world over. Because the metal flows 
freely at 1650°F., little or no pre-heating is re- 
quired, with the result that many repairs may 
be made in place without the expense of dis- 
mantling and reassembling. 


the order... 
+++ repair- 
ing this large 
casting. 


Publication B-13, containing detailed infor- 
mation on all Anaconda Copper Alloy Weld- 
ing Rods, mailed free at your request. 


There is a suitable Anaconda 
Filler Rod for every bronze-weld- 
ing purpose. Principal Anaconda 
Welding Rods, with their melting 


points, are listed below: 


for oxy-acetylene welding 


Anaconda Welding Rods are available through 
leading distrihutors of welding equipment and sup- 
plies. For those requiring small quantities, Anaconda 
Welding Rods can now be obtained in clearly labeled 


*Reg. U. S. Pat. Off. 


Tobin Bronze* . . 1625°F 
Manganese Bronze. . 1598°F ten-pound packages. iz 
Brazing Metal . . . 1634°F < 
Neval Brome. . . 1625°F THE AMERICAN BRASS COMPANY 
Electrolytic Copper . 1981°F 48 
Silicon Copper . . . 1981°F General Offices: Waterbury, Connecticut 41 
Phosphor Bronze . . 1922°F 
~ > lige Offices and Agencies in Principal Cities ) 
for arc weldi- 
Silicon Copper . 1981°F < 
Phosphor Bronze . 1922°F | 
1866°F 4 
4 
4 


ANACONDA WELDING RODS 
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Only with this rod-for-rod 


can you obtain perfect Uniformity in welds 


In every grade of Wilson Wire every rod is exactly like every other rod of that grade— wherever it is bought and whenever it is bought 


Just as a chain is no stronger than its weakest link, 
so a weld is no stronger than its weakest part. And a weld can have only as much 
Uniformity as there is in the rods which compose it. Wilson Welds are known 
for their perfect Uniformity in strength and structure, because there is rod-for- 
rod Uniformity in every grade of Wilson Wire. Use Wilson Wire and you, too, 
can produce uniform welds. Ask your nearest Wilson Distributor, or write to 
Wilson Welder & Metals Co. Inc., North Bergen, N. J., for samples of the correct grade 


for the metal you are welding. 


Cope. 1931, Wilson Welder & Metals Go. Ine. ARC-WELDING MACHINES AND WIRE 
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Those blinding, glaring lights that you see at 
welding operations in shops and on rails of 
street railways aren’t just an eye hazard be- 
cause of their brightness—but because of 
the dangerous rays that the eye cannot see. 
Many people think that a piece of dark glass 
that cuts down this glare to a normal light— 
must of necessity eliminate the hazard—but 
that is a great mistake. Infra-red rays (heat 
rays) comprise a large portion of light, altho 
they are invisible to the naked eye. These 
rays will penetrate glass in large amounts— 
regardless of the density of the glass—unless 
the proper chemical has been put in the glass 
to absorb it. The infra-red (heat rays) if not 
kept from the eyes by a glass that absorbs 
them has a drying effect often causing “sandy 
eyes” as well as other serious results. Perma- 
nent impairment of sight may result from 
continued exposure. So when you select 
eye protection for your welders—determine 
definitely the dangerous light absorption of 
the glass—but never be guided solely by the 
physical appearance of it. Willson-Weld is 
made for those who want actual eye protec- 
tion, and we will gladly give you authentic 
figures which show the higher efficiency of 
Willson-Weld on any welding job. 


WILLSON PRODUCTS, Inc. 


READING, PA. 


That Ever Present 


? 


Danger That 


Never Seen 


A great hazard in welding 
comes from dangerous light 
rays that the eye cannot see 


The Improved Bull Dog Welding Goggle 


The Willson Bull Dog, popular with the man 
who actually wears goggles, is preferred for 
several reasons other than its Willson-Weld 
lenses: 


ANATOMICAL SHAPE 
Right and left cups shaped individually t t the area 
around each eye. Sure easy tort 
day wear 


SIMPLIFIED BRIDGE ADJUSTMENT 


Bridge can easily and quickly be adjusted permanent 
to Tit any size face 


INDIRECT VENTILATION 


Air is obtained through indirect ventilating port 
either eye cup—an adequate supply through a cross 
rent arrangement, yet all stray light, side or back f 
are prevented from reaching the eye 


The Bull Dog welder’s goggle— 
style WBW10 — lists at $2.50 
per pair f.o.b. shipping point. 
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Why it always 
ee k h 
; works’ the same 
a Users of Roebling Welding Wire invariably say that one of 
. its outstanding characteristics is its absolute uniformity— 
i the fact that it always “feels”, always “works” the same. 


There is, of course, a logical reason for this Roebling ad- 
vantage. It lies in Roebling’s special manufacturing meth- 
ods, which insure not merely a wire of the desired chemical 
analysis but one a/ways free of non-metallic impurities. 


The steel for this wire is not made on a tonnage basis. It 
is custom-made in small open-hearth furnaces of special melt- 
ing stock——permitting very accurate control of the melt. 
This process takes longer— and demands painstaking care 
—but it results in the finest welding steel producible. 


We invite you to test Roebling Welding Wire and to judge 
its quality for yourself. Samples will gladly be furnished by 
our nearest office. Made in gas and electric types. 

ROEBLING, ; § JOHN A. ROEBLING’S SONS COMPANY, TRENTON, N. J. 
ne aire i Wire - Wire Rope - Copper and Insulated Wires and Cables - Flat Wire. Wire Cloth and Wire Netting 
j New York, Boston, Chicago, Philadelphia, Atlanta, Cieveland, San Francisco, 
Los Angeles, Seattle, Portland, Ore. Export Dept., New York 


WELDING 
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WELDING WIRE Ano RODS 
GAS—ARC 


“SENECA” BRANDS 


QUALITY GUARANTEED 


Manufactured in four distinct grades: 


Grade No. 1—For Are Welding Low Carbon Wire with smooth action in are. 

Grade No. 2—For Are Welding Made to A.W.S. Specification E-No. 1B. 

Grade No. 3—For Gas Welding Low Carbon suitable for all general repair shop use 

Grade No. 4—For Gas Welding purest iron stock made to A.W.S. Specifications G-No. 1A. 
Recommended for use in all applications of welding where strength, quality and cost 


are primary considerations. Wire tested and inspected from raw material to finished 
product. 


ig SENECA Wire Merc. ComPpANy 


Fostoria, Established 1905 Ohio 


West Brookfield. Mass. Hanover, Pa. 


SALES REPRESENTATIVES WANTED FOR TERRITORY STILL OPEN. 


Quality Coke 


Quality Limestone 
Plus 


Engineering Ability 
Equal 


National Carbide 


National Carbide Sales — 
Lincoln Building New York 
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THERMIT WELDING 


Proven, inexpensive, : 

practical, and simple Railway 
in its application to all Steel Mill 
classes of work involv- ° 

ing the repair of me- Railroad 
dium and heavy size Marine 


sections of iron and Mining 
Quarrying 
General Industrial 


Metal & Thermit Corporation 


120 Broadway, New York, N. Y. 


So. San Francisco, Chicago, Pittsburgh, 
Boston, Toronto 


steel. 


Welding Engineering and Research Corporation 


A National Organization 
for the Industrial Development of Welding and Cutting 
by Group Consultation 


This Company is organized to cooperate with Industry in the economical applications of welding and 
cutting by all processes, Gas, Arc, Resistance, Thermit, etc. The activities embrace ENGINEERING, 
RESEARCH, DEVELOPMENT, INSPECTION, SUPERVISION, and CERTIFICATION. 


TECHNICAL BOARD 


Comfort A. Adams, Chairman 
C. A, McCune, Director of Research A. V. DeForest Metallurgy & Magnetics 
25 West 43rd Street, James W. Owens, Director of Engineering Ancel St. John, X-Ray 
New York City . H. Deppeler, Thermit Ernest Lunn, R. R. Cars & Machinery 


L. S. Moisseiff, Bridges Frank P. McKibben, Buildings 


SAMPLE COPY OF THE JOURNAL! 


Sample copy of the JourNAL will be sent to any of your friends who are pros- 


pective members of the American Welding Society. 
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automatically relieves any excessive oxygen pressure which may 
enter the regulator. 


No matter what the general business conditions are, Safety in your 
, plant must go on. Safety cannot be curtailed or postponed without 
Write for the Blue and Gold Catalogue. penalty. Torchweld regulators assure safety. You should use them. 


TORCHWELD EQUIPMENT COMPANY 


224 N. Carpenter St. Chicago, Illinois 


2- Stage DUPLEX precision REGULATOR 


The only 2-stage regulator in one compact unit 
capable of DUPLEX delivery to both welding and 
cutting torches simultaneously. Other Red Star 
advantages are: absolute accuracy, perfect flame 
control, simple, compact, strong, safe. Try one of 
these super-regulators. 


Send us your specifications 


THE BASTIAN-BLESSING CO. 


252 E. Ontario St., Chicago, IIl. 


ELKON GUARANTEES LOWER WELDING COSTS 


EREVER you use spot or lap seam welding, Elkaloy 
does the job better, for less money . . . Check these ad- 
vantages—Elkaloy is 40% harder than copper and lasts 3 to 5 
times as long without mushrooming. This prolongs the life of 
electrodes and cuts die-replacement cost . . . Elkaloy does a 
better, cleaner job in less time . . . Elkaloy anneals far less 
readily than copper, thus saving the cost of frequent re-dress- 
ings ... Elkaloy’s resistance to mushrooming permits uniform 
operation without increasing amperage. This cuts down cur- 
rent cost ... Where costs have to be cut drastically Elkaloy has 
been adopted. The automotive industry is a typical case! . . 
It’s easy to switch to Elkaloy. No new machines necessary—no 


new technical problems. Wherever you use copper you can 
use Elkaloy. Your request for Elkaloy and Elkonite technical 
data will bring complete information immediately. 

ELKON DIVISION OF 


P. R. MALLORY & CO., Inc., Indianapolis, Indiana 
Sales Offices: New York + Cleveland * Detroit * Chicago * Los Angeles 


¥ 


= ELKALOY 


ELKONITE & 


Make Your Lighter Troubles Lighter 


[ STRONG & DURABLE | 


LONG-LIFE 
ROUND FILE 


| SUPER SPARK | 


MODERN ENGINEERING COMPANY 


Lighter (3 flints) 50c Renewal (3 flints) 25c 


Packed in neat individual boxes and twelve boxes are packed in a novel and practical display box for the counter. 


3411-13 Pine Building, Saint Louis, U. S. A. 


YOU CAN BETTER WITH 
| In using Torchweld Regulators the safety relief valve protects diaphragms, seats and gauges—because it . 
| 
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Both 


Modern 


AIRCO OFFICES 


Baltimore 
Bettendorf, ta. 
Birmingham 
Boston 
Buffalo 
Charlotte 
Chicago 
Cincinnati 
Cleveland 
Cayton 
Detroit 
Jersey City 
Kansas City 
Los Angeles 


Louisville 
Milwaukee 
Minneapolis 
New Orleans 
Oklahoma City 
Philadelphia 
Pittsburgh 
Portland, Ore. 
Richmond 

San Francisco 
Seattle 
Shreveport, La. 
St. Louis . 
Wheeling 


Represented in Texas by Magnolia 
Airco Gas Products Co., Houston, 
Beaumont, El! Paso, Ft. Worth, and 


San Antonio. 


Welded Piping 


The George Washington the call for the elimination of 
Bridge between New York maintenance charges. 

and New Jersey meets today’s 
and anticipates tomorrow's 
transportation demands. Oxy- 
acetylene welding is meeting 
architects’ and contractors’ de- 
mands for more efficient, 
lighter and permanent piping 
installations. 


If you are planning new con- 
struction or if you are recon- 
structing your present build- 
ings, let us show you why 4 
welded piping will give you a | 
better installation in less time ms 
and at less cost. 


Welded piping not only meets 
the present-day demands for 
greater flow efficiency — it 
meets the need for reduced in- 
stallation costs and anticipates 


Air Reduction Sales 
Company 


Lincoln Building, East 42nd St. N. Y. 


Write to your nearest Airco office listed for 
‘ ‘ a copy of “Piping tailored to fit’ outlining 
Airco Oxygen—Airco A-ct/!ene—Airco-Davis-Bournonvil'e in detail the advantages of welded pipine 


e ons of weldin 
Welding & Cutting Apparatus—Supplies—National Carbide 
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